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Twenty-six machining operations are performed automat- 
ically on this huge transfer machine. To keep this machine 
operating continuously —to avoid costly production shut- 
downs— Baker Brothers, Inc., selected Allen-Bradley quality 
motor control—the simple control that is good for millions 
of trouble free operations. 

The recognized reliability of Allen-Bradley motor starters 
and relays is the result of their simple design. Having only 


one moving part, wear and consequent trouble are reduced 


to the minimum. The double break, silver alloy contacts . . . 


standard throughout the Allen-Bradley line ... never need 


attention. They are always in perfect operating condition. 


BULLETIN 802T 
Oiltight 
Limit Switch 


BULLETIN 700 
Solenoid Relay 


Has completely sealed oper- 
ating head and switch body. 
This adjustable roller lever 


“no i ” 
type saves installation time. normally closed 





Universal type relay has con- 
tacts that can be connected 
for either “normally open” or 
operation. 


=~, preferred... 
because it is 











This Baker Automatic Transfer Machine is equipped with a 
special Allen-Bradley control panel, assembled from stand- 
ard components listed in the latest A-B Handy Catalog. 


Simplicity of design and silver alloy contacts are features of 
all Allen-Bradley control auxiliaries—they are similarly trou- 
ble free. Therefore, standardize on the Allen-Bradley line of 
quality motor starters, relays, push buttons, limit switches, 
and other accessories. You cannot possibly make a mistake! 


Allen-Bradley Co., 1301 S. First St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


BULLETIN 709 
Solenoid 
Starter 
(Size 1) 
ss-the-line starter 
ith accurate and reliable over- 
saad relays. 8 Sizes to 300 hp, 
220 v; 600 hp, 440-550 v. 


Popular acro 
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THE COVER: Impulse genera- 
tor, to make surges of artificial 
lightning will be erected near 
General Electric Company's 
extra-high-voltage power line 
near Pittsfield, Mass., is shown 
in artist's rendering. Lightning 
impulses will be used to test 
performance of the line, which 
will attain super voltages 
higher than any ever used by 
man for the transmission of 
electric power. Story appears 
on page 669. 
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There is a Clear Relationship Between 
the Cleanliness of a Paper Cable’s Com- 
ponents and its Ultimate Reliability... 


Immaculate cleanliness is an absolute 
“must” in every aspect of paper cable 
manufacturing. Take, for example, 
Okonite’s spe- 

cial attention to 

conductor 

strands. An ex- 

tra operation 

cleans them pri- 

or to their being 

made into a 

conductor. 

R.C. Waldron —- Each wireis pre- 
Manager of Engineering cleaned —thor- 
oughly “washed” and “scrubbed” be- 
fore it enters the stranding machine. 
This process removes dust and metal 
particles, but most important of all 
it also removes the residual soap and 
tallow lubricants common to all wire 


drawing operations. Such impurities, 
when combined with a cable’s im- 
pregnating oil, can cause deterioration 





of the paper insulation and subsequent 
failure of the cable. 

Okonite’s painstaking cleanliness 
measures, also, help maintain the orig- 
inal low power factor of Okonite 
Paper Cables. For this reason, even 
the metal binder tapes used in Okonite 
cables are thoroughly pre-cleaned— 
just the same as the conductor strands. 
In fact, every practical effort is exerted 
to make the components of Okonite 
Paper Cables as clean as possible. 





cleaned strand 





. . might mean the difference between success or failure 


uncleaned strand 








Properly-shaped Sector Conductors Contrib- 
ute to the Life Expectancy of Paper Cables 


Since voids in a paper cable’s insulation 
can cause cable failure, it is essential to 
eliminate every possible source of their 
occurrence. One source of “‘void’’ trouble 
is the shape of ordinary sector conductors. 
Because their flat surfaces make it diffi- 
cult to wrap paper tapes tightly around 
them, the tapes do not “hug” the entire 
surface of the conductor. They tend to 
merely contact the flat areas “loosely” or 
not at all. Therefore, not only can voids 
develop between the flat surfaces and the 





first layer of insulation, but—due to the 
“slack” —they also tend to appear in the 
wall of insulation itself. 

Realizing this flat. surface “danger 
zone” existed in ordinary sector shape 
conductors, Okonite engineers designed 
conductor shaping dies that would form 
a continuous, convex surface about the 
entire circumference of sector conductors. 
As the accompanying diagram shows, the 
new Okonite sector design insured that 
each layer of paper tape would fit snugly 





VOIDS 


ANS 


Ordinary sector shape 


Flat surfaces .. . “slack” in paper 
tapes ... voids . . . cable failure 





WALL OF INSULATION 


Okonite sector shape 


Continuous convex surfaces ... snug 
fitting paper tapes . . . solid wall of 
insulation. ..long life, reliable service 
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around the conductor. Therefore, “danger 
zone” voids were effectively eliminated. 

1. Carefully cleaning the cable’s com- 

ponents, and 

2. the development of an improved 

sector conductor... 

... two concrete illustrations of the metic- 
ulous care that Okonite exerts over its 
paper cable manufacturing operations. 
This is all evidence to the fact that Oko- 
nite paper cables contain added values, 
values that are not written into specifi- 
cations. 

Today, every good engineer I know is 
seeking ways to get the maximum value 
out of the money he invests for his com- 
pany or client. The added values in Oko- 
nite paper cables provide an opportunity 
to get extra life and dependability out of 
electrical cable systems. As one engineer 
to another, I urge you to become better 
acquainted with the long range economy 
of Okonite paper cables. 

If you have not received your copy of 
the new Okonite paper cable catalog, or 
if I can be of help to you with a current 
problem, please get in touch with me at 
The Okonite Company, Passaic, N. J. 
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where there’s 

electrical 

AK BN power 
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"X-RAY" VIEW of the SRT, showing the volt- 
sensitive regulating mechanism at the top of 
the core-ccil assembly and the under-load tap 
changer at the lower part. SRT's will be avail- 
able in the following ratings: 


2400 volts, 10 through 25 kva 

4160 volts; 10 through 3714 kva 

4800 volts, 10 through 50 kva 

7200 and 7620 volts, 10 through 75 kva 
12,000 and 14,400 volts, 10 through 100 kva 





L-M Announces the 


oh 


THE WORLD’S FIRST 
Self-Regulating distribution Transformer 


A Revolutionary New Engineering Development That Offers Utility Companies 
Better Revenue, Better Service To Their Customers 


By A. R. WAEHNER 
Director, Transformer Sales, Line Material industries 


The new L-M Self-Regulating Transformer consists of a 
Round-Wound?® distribution transformer with extra taps on 
the primary, and a regulating mechanism that is volt-sensitive 
on the secondary. 

The device switches primary taps, under load, to change the 
transformation ratio as needed to maintain a constant normal 
voltage to the customer, regardless of line or load changes. 
The SRT provides 10% of regulation in four 244% steps. 


Better Revenue For The Utility 

The SRT is a break-through into a whole new world of 
customer service and profitable operation, because it corrects 
the voltage at the point of use. By maintaining proper voltage, 
the SRT prevents the drop in billings caused by undervoltage, 
which in the aggregate can represent a considerable loss, 


Improves Service To Customers 

With correct voltage, lights are brighter; television sets, 
clothes dryers, air conditioners, and other electrical devices 
operate more efficiently ; ranges heat faster. 

The SRT also prevents over-voltage from reaching the user. 
This greatly reduces burnouts of TV tubes, and of incandescent 
lamps—the latter a very obvious saving to a utility with a 
lamp-replacement program, 





The SRT is another outstanding contribution 
of The Thomas A. Edison Laboratories 
of McGraw-Edison Company. 











E MATERIAL Industries 


ey McGRAW-EDISON 


Distribution Thawsfowners 
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Features Of The SRT 


Adapt-a-Tap Range Selector: The SRT provides a full 20°/) 
range within which taps for the 10°, automatic regulation in 
four 24% steps may be selected—all below, straddle, or all 
above normal. Thus the SRT can be located anywhere on the 
line—the end, the middle, or near the substation. 


Nominal 314-Volt Band Width: The midpoint is set, for 
example, at 120 volts. The SRT changes taps whenever the 
voltage drops to 118% or rises to 12134. Each operation 
occurs only after a time delay, which prevents undesirable 
operation and “hunting” on switching surges and momentary 
variations outside the band width. 


Reliability: One 2400-volt tap changer has now operated 
more than 250,000 times—equivalent to over 40 years’ life 
on a 25 kva transformer. 


Economy: Under normal conditions the SRT will prove more 
economical than other means of voltage correction. Thus it 
opens unlimited horizons to the distribution-system planning 
engineer for more effective design. 


Available For Tests 

The initial production of the SRT will be sold to progres- 
sive companies to explore the benefits, in improved revenue 
and better customer service, that are available from this out- 
standing new development. Thus each company can learn, for 
itself, the extent to which the SRT can make a substantial 
contribution toward keeping revenue up and costs down, 


Get The Details 

L-M Field Engineers and Apparatus Specialists can furnish 
detailed information about the SRT. If you would like this 
information, please get in touch with your L-M Field Engi- 
neer, or phone or wire me at Line Material Industries, Mil- 
waukee 1, Wisconsin. 


CUISONR 


COMPANY 





PLANNED INSTALLATION SCHEDULE OF 
STEAM TURBINE-GENERATOR WITH LIQUID-COOLED STATOR 


Setting sole plates 
Lower shells and 
bearing standards 
Turbine alignment a =. — | | 
Rig and align 
generator stator 
ae Sr 


Wiring and taping 
General piping 
Hydrogen piping 


Cooling liquid piping 


Install and align 
generator rotar 


Turbine final assembly 


Generator final assembly 


= 


Oil flush, air test 
and trial operation 


INSERTION OF ROTOR into 
liquid-cooled stator is accom- 

I plished with the same ease as for 
40 60 80 100 conventionally-cooled units. 


WORKING DAYS 


INSTALLATION TIME of liquid-cooled generators approximates time cycles established for convention- 
ally-cooled units. Because of the simplicity of these units, no special assembly techniques are required. 


WITH HIGHER RATINGS NOW POSSIBLE FOR GENERAL ELECTRIC GENERATORS... 


Simplicity of direct cooling components 





A SINGLE CRANE LIFT can handle this typical 291,000 kva liquid. SINGLE-STAGE, AXIAL-FLOW FAN, inner end shield and fan nozzle 
cooled generator stator. The smaller size and lighter weight of these ring are quite accessible. Complicated end shields and multi- 
units are important shipping and installation considerations. stage fans are not needed on liquid-cooled generators. 
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speeds assembly, increases availability 


SINGLE-STAGE, LOW-PRESSURE FAN ASSEMBLY IMPROVES ROTOR ACCESSIBILITY 


The successful application of liquid cooling to genera- 
tor stators has made possible tremendous increases in 
unit ratings—yet, with all their advantages, these 
generators have retained the basic design simplicity 
found in conventionally-cooled units. 


Rotor assembly, for example, is considerably simplified 
for these higher-rated units. Since liquid cooling 
eliminates requirements for multi-stage fans and 
complicated end-shield assemblies, labor assembly 
costs and inspection downtime are reduced. 

Equally important, the increased output possible 
with liquid cooling means that, on a per kw basis, 
components are relatively smaller and weigh less. This 
consideration reflects savings in shipping and han- 
dling costs and supporting foundation mass. 

Ease of assembly and disassembly is just one of the 
many important advantages of General Electric liquid- 
cooled generators. Other outstanding features are: 


Increased Generator Output—Hollow-strand stator 
bar construction can remove up to 16 times more 
heat than conventional cooling arrangements, per- 
mitting higher generator ratings. 

Improved Performance — Liquid cooling permits auto- 
matic regulation of stator winding temperature 
independent of load. 

Dependable Operation— Many unique features are in- 
corporated into the design of the closed coolant sys- 
tem to provide a permanently tight liquid circuit. 
Design Simplicity— Dielectric system maintains the 
simplicity and dependability of conventionally- 
cooled machines. 

For more information on liquid cooling, contact 
your nearest Apparatus Sales Office or write to Section 
254-73 for bulletin GER-1231, Large Steam Turbine- 
Generator Department, General Electric Company, 
Schenectady 5, New York. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 





NEW 


PYLE-NATIONAL 
MERCURY VAPOR 
FLOODLIGHTS 


eee Fain-tight 


Sold Nationally Through Authorized Distributors. Write for Literature. 
THE PYLE-NATIONAL COMPANY 
WHERE QUALITY IS TRADITIONAL 
1378 North Kostner Avenue, Chicago 51, Illinois 
Branch Offices and Agents in Principal Cities of the U.S. and Canada 
Rollrood Export Department: International Railway Supply Co., 30 Church St., New York 7, N.Y. 


industrial Export Department: Rocke International Corp., 13 E. 40th St., New York 16, N.Y. 
Canadion Agent: The Holden Co., Ltd. Montreal 


CONDUIT FITTINGS © MOTOR CONTROLS © SWITCHES © PLUGS AND RECEPTACLES 


8A 
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dirt-tight 
corrosion-proof 


The high lumen output and long life of mercury 
vapor lamps have now been combined with the 
many advantages of rugged, enclosed, cast alu- 
minum floodlight housings. Since they are corro- 
sion-proof and sealed to. protect the interiors 
from dirt and moisture, the original high effici- 
ency of lens and reflector is retained indefinitely. 
The result—prolonged economy with exception- 
ally low maintenance and replacement expense. 


Floodlights are available in a wide range of 
sizes for mercury vapor lamps from 100 to 1000 
watts. Choice of specular or diffusing reflectors 
and five types of lenses provide a selection of 
beam patterns varied enough to meet the most 
exacting floodlighting specifications. Enclosures 
have universal body adjustments and are avail- 
able with many types of mounting bases. 


Send for Bulletin No. 640 containing latest informa- 

tion on operating and color characteristics and 

operating economies of available mercury vapor 

lamps; how to select ballasts; short cut method 

for estimating floodlighting installations with 

selection tables and sample layout diagrams. 

: Mercury Vapor 

Industrial Lighting Fixtures 
Explosion-proof, dust-tight, 
and vapor-tight industrial 
lighting fixtures are avail- 
able for mercury vapor 
lamps as well as incandes- 
cent lamps. 
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WE « DC-to-15 MC 
‘a OSCILLOSCOPE 


--. with the Tektronix Plug-in Feature 





TYPE 533 


2, 5, 10, 20, 50, and 100 times 
sweep magnification. 

Easy triggering for most applications— 

Complete triggering facilities for all 
applications. 

High Reliability—13 new frame-grid 
twin triodes replace older types. 
Lockout-reset circuitry for single-sweep 

recording. 

10-KV Accelerating potential provides 
bright trace (250-cm/ysec writing 
rate) 

Single-Knob selection of 24 direct- 
reading calibrated sweep rates. 
Wide-band main vertical amplifier— 

0.022-usec risetime. 

Nine Plug-In Preamplifiers available 
for quick conversion to specialized 
applications. 

Blanking of switching transients in 
dual-trace operation. 

Warning lights for uncalibrated sweep- 
rate and magnifier settings. 


PRICE, without plug-in units, $1050 


Prices f.0.b. Factory 
































ADD SWEEP LOCKOUT to your Tektronix Type 
531 and 54! Oscilloscopes—order Modification Kit 


K531 Sweep Lockout, Tek. 040-118 $25 


for Type 532 
K532 Sweep Lockout, Tek. 040-147 $25 


Tektronix, Inc. 


Complete specifications for the Tektronix Type 533 P. O. Box 831 + Portland 7, Oregon 

are available. Your Tektronix Field Engineer or Phone CYpress 2-2611 + TWX-PD 311 + Cable: TEKTRONIX 
Representative can usually arrange demonstrations TEKTRONIX FIELD OFFICES: Albertson, L.|., N.Y. + Albuquerque * Bronx 

at your convenience. You can call on them for sai. = Gand bas Seigutes = Wher bee Songun < Steasapete 

assistance without obligating yourself in any way. mars. « Polo Aho, Calf. « Philadelphia + Phosnix + Son Diego + 


Please take advantage of this Tektronix Service TEKTRONIX ENGINEERING REPRESENTATIVES: Arthur Lynch & Assoc, Ft. Myers 
whenever you have an instrument problem. Gainesville, Fle.; Bivins & Coldwell, Atlanta, Go., High Point, N.C.; Hawthorne Elect 


Portland, Ore., Seattie, Wash.; Hytronic Measurements, Denver, Colo 


Tektronix is represented in 20 overseas countries by qualified engineering orgonizotions. 
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These mill motors ate up brushes 
"til the TIONAL brush man stepped in! 


TRADE MARK 


The mill motors in this eastern taminants, is standard on these mill motors. 
steel mill were extra hard on “Cal” Callaway and his fellow “National” Carbon 
brushes says “National” Carbon Brush Men have been helping plants solve brush prob- 
Brush Man, A. S. Callaway. lems for years. Their experience and training—backed 
' An unavoidable contaminant by National Carbon’s long term brush development— 
A-S. CALLAWAY —_ seemed to eat up every brush tried make them top consultants on any brush problem. 
by the mill. Only one brush proved capable of with- Call your “National” Brush Man today. Or write 
standing this condition: “National” Brush Grade N-6. National Carbon Company, Division of Union Carbide 
Naturally, the N-6, with its ability to withstand con- Corporation, 30 East 42nd Street, New York 17, N.Y. 


Lei Site). 


“National”, "N” and Shield Device, and “Union Carbide” are registered trade-marks of Union Carbide Corporation CARBIDE 


NATIONAL CARBON COMPANY : Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N, Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto, 
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—turn to Kerite with assurance. For Kerite’s 
wide range of quality insulated cables are un- 
rivaled for on-the-job dependability and 
economy under all types of operating conditions. 

In actual use, Kerite cables have been exam- 
ined, salvaged, and returned to stock after as 
many as 50 years of continual service. 

So we think that we may properly say: when 
quality and long life are essential . . . you can 
rely on Kerite. 

Our headquarters office is at 30 Church Street, 
New York 7, N. Y. Branches are in Ardmore, 
Pa., Boston, Cleveland, Chicago, Houston, San 


Francisco, St. Louis, Glendale, Cal. KERITE CAB LE 


we 
Lo The KERITE Thal makes The cifjorence gy 
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FIVE constant voltage 


transformer 


The Harmonic-Free Constant Voltage Transformer 
gives you all the advantages of static-magnetic 
voltage regulation plus “sine-wave” output. 
Remington-Rand, for example, uses this 9 kva 
transformer to provide continuous, completely-automatic 
voltage regulation to their Univac model 60 and 120 
computers. The Sola regulator is shown above at the 


Standard*: Constant Voltage Trans- 
formers for electrical and electronic 
equipment . . . regulation +1% ... 
response within 1.5 cycles ... no 
tubes, moving parts or manuai ad- 
justments . . . static-magnetic regu- 
lation ...limits current on load faults. 


Plate-Filament*: Regulation is +3% 
with line input between 100-130v ... 
plate and filament windings are com- 
bined on a single, compact core for 
chassis mounting . . . good isolation 
of input and output circuits 

automatic, static-magnetic regulation. 


* Available from stock or custom-designed. 


For easily-instalied, 
dependable voltage regulation 
use Sola 


types answer most stabilizing needs 


left with the front panel of the cabinet removed. It is a 
custom-built unit. 

Sola harmonic-free regulators deliver +1% regulation 
with +15% line voltage variation. The output wave has 
less than 3% total rms harmonics. Available from stock in 
seven sizes ranging from 60 va to 3kva; custom designs man- 
ufactured to your specifications in production quantities. 


Filament*: Regulation +1% with input 
voltage fluctuations up to +15% ... 
6.3v output for large numbers of 
electron tubes . . . current-limiting 
action minimizes cold inrush cur- 
rents, also protects against damage 
from load faults ...75-80% efficiency. 


Adjustable, Harmonic-Free: Provides 
output adjustable from 0-130 volts ac, 
also fixed 115 volts ac . . . regulates 
within +1% with less than 3% total 
rms harmonic content . .. portable for 
lab or shop bench use, or mounts 
on 19” relay rack. 


For complete data write for Bulletin 5H-CV-170 


Sola Electric Co., 4633 W. 16th St., Chicago 50, Ill., Bishop 2-1414 © Offices in Principal cities ¢ In Canada, Sola Electric (Canada) Ltd., 24 Canmotor Ave., Toronto 14, Ont. 
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we For appliance and gubessshcaeniins: Fastin-Faston saves time, money, trouble . 
in both designing and production. —_ 

® Firm wire support . . . perfect conductivity under severe vibration conditions even 
as a free hanging unit. Simplifies such operations as the connecting of wall switches 
to built-in ranges . . . top with bottom circuits in clothes washers . . . front and back 
assemblies to car electrical systems. 

@ Connects up to six separate’ circuits when ‘polarized unit is snapped together. 

@ Finger grip engagement and disengagement. 

@ Uses quick, easy-to-apply Faston Terminals. Housing is fabricated of nylon for 
mathe meh ee is pa 


Wire tony for sili infeiobiag of A -MP® Fastin-Faston Harness Connectors. 


MP. INCORPORATE 3 


___GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


assistance are available through wholly-owned subsidianes in Canadas EnglandsFrance- Hollands pan 2 
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FROM TRANSMISSION 


ELECTRICAL INDUSTRY 


Eliminating many of today’s purchasing problems is 
easy —if you have a supplier versatile enough to supply 
all your needs. 


Where tubing is concerned Wolverine Tube is such a 

supplier. From Wolverine, for example, electrical manu- HEAT DISSIPATION 
facturers can specify both prime surface and integrally- 

finned tube in a wide range of types, sizes and alloys— 

for installations ranging from transmission cable to oil- 

cooled condenser operations. 


When requirements call for tubular parts shaped from 
copper, copper-base alloys or aluminum tube, Wolverine 
has both the facilities and know-how to fin, spin, bend, 
coil, flare, expand and bead tubing—to name but a few 
of the fabrication techniques available. 


Next time you need tubing or tubular-shaped parts 
specify Wolverine—assure your company of products 
and services backed by years of experience, constant 
research and sound engineering. For complete informa- 
tion write for Wolverine’s Tubemanship Booklet. 


ones oe WOLVERINE TUBE 
URANIUM DIVISION DIVISION OF 


chai scan CALUMET & HECLA, INC. 

Kay x Re Cea MADE IN USA 
sig, te ap re 17248 Southfield Road TO Tn STANDARDS 
WOLVERINE TUBE DIVISION Allen Park, Michigan 


UNIFIN Aanutacturers of e g and Extruded / 





For such operations as transformer oil cool- Readily fabricated from Wolverine 
ing Wolverine condenser tube is available prime surface copper and aluminum 
in two forms— Wolverine Trufin® the in- tubing, are electrical connectors such Wolverine tube for such intricate opera- 
tegrolly-finned tube and prime surface as that illustrated above. Wolverine tions as transmission cables is available in 
in a wide range of alloys and sizes. tubing is available in a wide range copper and aluminum, 

of sizes. 
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&) Rawson Electrical Design News 


LOWER STARTING EQUIPMENT COSTS 
MADE POSSIBLE BY NEW RAWSON CLUTCH 


~ 
Teme 


CURRENT _ 


PER CENT FULL LOAD MOTOR TORQUE 
PER CENT FULL LOAD MOTOR CURRENT 











2 30 40 SO 60 70 80 90 00 
PER CENT MOTOR SPEED 


Want a new starting point for cost-cutting? 
With Rawson Clutches or Clutch Couplings 
in a start-drive system, you can switch from 
costly high-torque motors to standard, all- 
purpose motors for starting high-inertia 
loads. 

The accompanying chart shows how a 
Rawson permits a standard NEMA B motor 
to start without load. The clutch does not 
fully engage until peak torque speed (A) 
is reached. Motor acceleration time is cut 
to a fraction of a second, decreasing the 
peak current period and allowing more effi- 
cient motor operation (B). 

Thus, the expense of reduced-voltage equip- 
ment is eliminated, because Rawsons give 
cushioned “no load” starts to even the 
heaviest machinery. 





THE OLD WAY 
——— REDUCED VOLTAGE STARTING EQUIPMENT 








THE NEW RAWSON WAY 


*———_ ACROSS THE LINE STARTING 








+ 
RAWSON COUPLING 

















Versatility in Dual Drive- 

Rawson Clutches and Clutch Couplings are 
used in the transmission of power from 
nearly every motive source: A.C. and. D.C. 


motors, diesel and gasoline engines, and 
turbines. 

One use finding more and more applications 
every day, is in the coupling of standby 
power units and dual drive setups. Rawsons 
permit one of two power sources to be used 
without uncoupling the other. In addition, 
they provide a simple means of starting or 
warming up an engine or turbine at a pre- 
determined idle speed without clutch action. 
Versatile Rawsons give fluid-smooth starts 
and transmit maximum power driving in 
either direction. 


Reduced Maintenance 


Motors last longer because they operate at 
low current and proper cooling conditions 
during the starting cycle, even though 
Rawson Clutches and Clutch Couplings 
permit the load to reach full operating speed 
quickly. 

The clutch itself lasts longer too, transmit- 
ting maximum power during the life of the 
unit, while all the time protecting driven 
machinery or delicate workpieces by elimi- 
nating starting shock. 

There’s no fluid level to check in a Rawson, 
and no preventive maintenance schedule to 
worry about, because dust and other foreign 
matter can't effect its operating efficiency. 


Thermal Protective Switch 


The Rawson Clutch is a dependable device 
which protects driving and driven equip- 
ment from damage caused by overloads. In 
remote or unattended installations, where 
the protective devices built into the electri- 
cal starting mechanism will not remove the 
motor from the line, a Rawson Thermal 
Protective switch is recommended. Here’s 
how it works: 

As the Rawson absorbs energy caused by 
the overload condition, the Thermal Pro- 
tective device receives radiant heat which 
activates the switch, disconnecting the motor 
circuit. Rawson Type TP switches are used 
with motors of any voltage operating in 
110-volt control circuits. 58RC-5 


NEW METALLIC FRICTION 
SEGMENTS IMPROVE 
PERFORMANCE—LAST LONGER 


Rawson automatic centrifugal clutches and 
clutch couplings utilize metallic friction 
segments for unparalleled performance and 
longer life. These segments, or shoes, permit 
higher operating temperatures and are de- 
signed for applications up to 3,000 horse- 
power, guaranteeing 100% slip-free power 
at normal operating RPM. 

All Rawsons—delayed engagement or free 
engagement models—provide instantaneous 
overload protection of equipment by disen- 
gaging as soon as jamming or overloading 
occurs. Re-engagement is automatic as soon 
as jam is cleared. 


Standard or Special Models 


Rawson Clutches and Clutch Couplings are 
available in a wide range of types and sizes 
for a variety of applications. Should you 
have an unusual power transmission prob- 
lem, Formsprag sales engineers stand ready 
to lend a hand in the selection of the proper 
clutch or clutch coupling. Design service is 
available to develop a special clutch when 
necessary. 


NEW CATALOG 


The new Rawson Cat- 
alog contains perform- 
ance facts, complete 
specifications, and lists 
the full line of stand- 
ard models in a wide 
range of bore sizes, 
horsepower and torque 

b Capacities suited per- 
fectly to a variety of 
requirements. Send 
today. 


FrORMSPRAG COMPANY 


Sales Agents: 23589 HOOVER ROAD, WARREN (DETROIT), MICHIGAN, PHONE: JEFFERSON 6-5100 
Rawson Clutches and Clutch Couplings Manufactured Exclusively by Rawson Division of O. S. Walker Company, 
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THESE ARE SPRAGUE’S TWO OUTSTANDING 


HIGH-TEMPERATURE MAGNET WIRES 


FOR CONTINUOUS OPERATION 
AT HOTTEST SPOT 
TEMPERATURES UP TO 200°C 





tee 
BARE COPPER (SOLID BAR) 


S 3 a 8 a 
SPACE FACTOR IN PERCENT (BASIS—SQUARE LAY) 


~ 8 
—V- TRUPLE SYNTHETIC 
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SPRAGUE offers you a choice of 2 truly 
high-temperature magnet wires: 

TETROC is recommended for continuous 
operation at hottest spot temperatures up to 
200°C (392°F) and up to 250°C (482°F) 
for short periods of time. Tetroc, a teflon-in- 
sulated wire is available in both single and 
heavy coatings. 

CEROC is recommended for continuous 
operation at hottest spot temperatures up to 
250°C (482°F) and up to 300°C (572°F) 
for short periods of time. Ceroc wire insula- 


SPRAGUE 


16A 


ELECTRIC COMPANY 


> 


a 


321 MARSHALL ST. e 
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FOR CONTINUOUS OPERATION 
AT HOTTEST SPOT 
TEMPERATURES UP TO 250°C 
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tion consists of a ceramic base with either 
single or heavy Tefion overlays—combining 
the best properties of both materials. 

Both Tetroc and Ceroc ‘ 
Magnet Wires provide ex- | 
tremely high space factors, * 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


NORTH ADAMS, MASS. 
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Project EHV 


HE GENERAL ELECTRIC Extra-High-Voltage 

Project (called “Project EHV” for short) involves 

the design, construction, and operation of a com- 
plete a-c transmission system which will carry power 
at voltages from 460 to 750 kv. This system will be a 
prototype of future extra-high-voltage systems. Data 
obtained from the system will be integrated with 
analytical studies, model investigations, and laboratory 
research in all interested components of the partici- 
pating companies. 


PARTICIPATING COMPANIES 


1. The General Electric Company, through 15 of its 
decentralized product departments, will supply the elec- 
tric equipment and direct the investigation. 

2. The Western Massachusetts Electric Company will 
supply power and later operate the ehv line as an 
integral part of its system. 

3. The Aluminum Company of America will supply 
the line conductors and conductor accessories. 

4. A major steel supplier will furnish the towers. 

5. Stone and Webster Engineering Corporation is 
collaborating with General Electric in the design of 
the line, and will construct it. 


OBJECTIVES 
Project EHV has the following objectives: 


1. To help re-establish the United States as a world 
leader in the broad area of ehv power systems. 

2. To help prove that ehv systems, in all their in- 
terrelated components and aspects, are feasible, more 
reliable, and more economical for the transmission of 
large blocks of power over smaller rights of way, than 
systems presently used 

3. To contribute technical knowledge which will 
advance the continued expansion of electric power at 
reduced costs. 





P. A. Abetti, manager—systems research, is with the General Electric 
Company, Pittsfield, Mass. 
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A Fig. 1. Project EHV line, running 4.5 miles in Berkshire Hills, south 
of Pittsfield, Mass. 

1. Northern terminus 4. Longest span 

2. Project headquarters 5. 
6. Southern terminus 


Impulse generator 
3. Housatonic River 


BRIEF REVIEW OF EHV TRANSMISSION 


Two Factors should be considered in appraising 
Project EHV: 


1. Present and planned ehv systems (Tables I and II). 
2. Experimental a-c lines and available data (Table 


III). 


Operating EHV Systems. As may be seen from Tables 
I and II, the current situation on ehv transmission is 
as follows. In this country, eight utilities have now, or 
are planning to have soon, ehv lines in operation at 
a nominal voltage of 345 kv with 362 kv maximum. In 
Canada, one utility has 345-kv lines in operation, with 
380 kv maximum. The AEP—OVEC (American Electric 
Power Service Corporation—Ohio Valley Electric Cor- 
poration) system in the East and the Bonneville— 
British Columbia Electric systems in the Northwest are 
and will continue to be the nuclei of rapidly expanding 
interconnected ehv systems. In addition, several private 
and public utilities in this country and in Canada are 
actively investigating higher voltage levels than 345 kv, 
in the 460- to 500-kv range or even higher. 

Europeans have progressed to higher voltages than the 
United States in ehv 
special requirements of long distances from the points 
of generating electricity to the point of use. As indicated 


transmission because of their 


Project EHV, a giant investigation on extra-high- 
voltage transmission, includes design and con- 
struction of a complete a-c transmission system 
to carry power at voltages from 460 to 750 kv, 
from which it is hoped new knowledge will be 
gained to benefit the national economy. 
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Table I. Operating EHV Systems (Above 300 Ky A-C)* 
Miles Phase Conductors 
in Oper- Planned Diam., 


ation Total No. Ins. Year 





Company 
or Vv oltage, Ky 


‘Rated Max. 








i ountry — 


AE P- OVEC, Cc om- 

monwealth Edison %45 362 
Bonneville Power 

Administration 345 362 318 1.6 


995 Dt 1,343D 1.6-1.75 1954 


1956 


British Columbia 
Electric $45 380 315 
Sweden $80 420 1,655 1,910 
USSR 400 440 1,060 5,100 
275 775 
anes, 740 
210D 1,270 D 


] 


1. 1957 
1. 1952 
l. 1956 
1. 
1. 


ho Se POP 


1957 
France $80 420 | . 


Germany $80 420 


x] 


hb 


0. 


to ee best of 


55 1957 


* Compiled ei relminies 2 and 3 and additional information, 
the author’s knowledge 


‘*D Double circuit 





in Table I, four countries have systems now in opera- 
tion at the 380- to 400-kv level, with 420 to 440 kv 
maximum. It is planned to expand considerably these 
four national systems, and several other European 
countries are building or planning transmission systems 
at the same voltage level, as may be seen from Table I] 
Of particular interest is the decision made recently by 
the Soviet Union to convert its existing 400-kv lines 
to 500 kv (525 kv maximum) with relatively small 
modifications. Work is actively progressing for this 
purpose, and future Soviet lines will also be built for 
this voltage level. Thus, probably by 1959, the USSR 
will have the highest operating a-c lines in the world 
(500 kv) and, probably by 1961, also the highest oper- 
ating d-c line (2 400 kv).1 The Swedes are also plan- 
ning to convert some of their existing 380-kv lines to 
500 kv by adding a third conductor to the present 
bundle of two, but no date has been set. Theoretical 
investigations of transmission at even higher voltages 
have been made recently in Sweden (650 kv) and in 
the USSR (600 to 700 kv). As indicated in Table II, 330- 
kv lines are being built in Australia and Africa, and 380- 
kv lines in South America. 
The systems described in 
considerable 


Tables I and II show a 
line arrangements and con- 
figurations. For instance, at the 380-kv or 400-kv voltage 
level, the French and the Swedes use two conductors 
per phase, the Soviets three and the 
It would be 


variety in 


Germans four. 
interesting to determine whether such 
differences are justified by variations in the over-all 
requirements for the design of the individual systems. 


Experimental Lines. The transition from a voltage 
level to a higher one involves a multitude of theoretical 
and practical problems which have been attacked by 
one or more of the following means: (1) analytical 
work, such as economic studies, system stability investi- 
gations, etc.; (2) laboratory work, such as impulse tests 
on apparatus, measurement of radio noise from con- 
ductor samples, etc.; (3) experimental transmission 
lines, 

All over the world, a large number of experimental 
lines have been built specifically to study the problems 
of ehy power transmission. These lines are listed in 
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Table III. They range in length from less than a hun- 
dred feet to 1.4 miles. The 0.6 mile line in Leningrad, 
USSR, is designed for the highest voltage, 650 kv, but 
was operated last year only up to 600 kv. Among the 
best-known experimental lines are the 500-kv Tidd, 
Ohio, and Leadville, Colo., projects in this country, 
operated by American Electric Power Service Corpora- 
tion and the Public Service Company of Colorado, re- 
spectively. While considerable knowledge has been 
gained trom all these experimental lines, much of the 
data vary widely in quality and usefulness. Although 
some information is excellent, some seems of question- 
able value. There is need for more adequate proof 
than can be obtained on purely experimental lines, 
but which can be obtained on a prototype system 
operating at ehv. 


DESCRIPTION OF PROJECT EHV 


THIS BRIEF REVIEW clearly shows that since the end 
of World War I, tremendous ac- 
tivity in the ehv field in this country and abroad. 
Thousands and thousands of miles have been built 
at voltages higher than 300 kv and electric apparatus 
of unprecedented voltage and power ratings has been 
installed. It appears that this activity in the ehv field 
will be continued at the present rate or will be stepped 
up in the future, Thus, Project EHV will furnish at 
an opportune time the technical knowledge required 
for the transition to higher ehy levels than presently 
used. 


there has been a 


There appear to be important ways in which Project 
EHV will differ from previous work in the ehv field, 
in order to attain the objectives previously outlined. 


Voltage and Basic Impulse Insulation Level. 
operating voltage 


The 
and basic impulse insulation level 
(BIL) will be sufficiently high to represent a logical 
increase over ehy systems now operating or planned 
(345 to 500 kv) and to permit correlation of data with 
results obtained on other experimental lines (400 to 
600 kv). Therefore, it is planned to investigate voltages 
between 460 kv, which will probably be the “next step” 


in this country, and 750 kv, higher than the “second 





Table Il. Planned New EHV Systems (Above 300 Kv A-C)* 





Voltage, Ky Phase Goudusters 


Rated m Ne. Diam., Ins. 


1.196 
1.196 
1.108 


Company or Country 


Detroit Edison $45. 
Cleveland Electric 345 
Ohio Edison 345 
Pacific Northwest 
Power 345 
Public Service of 
Colorado $45 $63 ? 


1.108 


British Grid 380 420 1,275 Dt 
Finland 400 420 575 
Switzerland 380 420 50D 
USSR 500 525 2,470 
Sweden 500 525 $10 
Rhodesia 330 $45 864 
Australia $30 $45 800 
Argentina 380 420 600 


IO PO PO OO OO PO PO PS 





* Compiled from references 2 and 3 and additional information, to the best of 
the author’s knowledge 
+D = Double circuit 
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Fig. 2. Author looks at models of 
750-kv, 160-foot-high portal tower 


+ 1 dauhi 





and of conv circuit 
115-kv tower. 
size of men (white arrows) and 


towers. (Scale of model is 1:25) 


Note comparative 


next step” in this country. 
The lower voltage limit of 
400 kv will permit correla- 
tion with data from the 
European 380- to 400-kv sys- 
tems and from the various 
experimental lines. The up- 
per limit of 750 kv is ap- 
proximately 50% 
next 


higher 
step (460 
500 kv), 
just as the upper voltage 
limit of the Tidd Project 
(500 kv) was 50% 
than the 330-ky 
lected for operation of the 
AEP-OVEC The 


BIL will be approximately 


than the 


kv or possibly 


higher 
level se- 


system. 


1,925 kv, two steps down, for 

the nominal voltage of 650 kv at which the system will 
be operated continuously, The line BIL will be about 
2,600 kv. 


Line, Conductor, and Towers. The system will be 
built in the Berkshire Hills (Fig. 1), south of Pittsfield, 
Mass., near General Electric’s Power Transformer De- 
partment, which is co-ordinating the project. The 


length will be 4.3 miles, which will insure representa- 
tive corona loss and radio noise data. ACSR (aluminum 
cable, steel reinforced) bundle conductors will be used 


(Fig. 2), inasmuch as this is the present trend in ehv 
systems (Tables I and II), with cross sections ranging 
from 954 to 1,431 MCM ACSR. Conductor configura- 
tions to be used include 2, 3, and 4 conductors per 
bundle. A number of phase configurations and widely 
different interphase spacings will be investigated. There 
will be two insulator strings per phase, from 26 to 
feet long (Fig. 3). 
The towers (Fig. 2) will be of the portal type, among 


40 insulators per string, up to 22 


the largest ever built, to insure maximum flexibility in 
the phase configurations to be investigated. There will 
be 17 towers in total, 180 feet wide, from 110 to 160 
feet high. Spans will vary from 800 to 2,200 feet in 
length, with the average about 1,500 feet. 


Lightning and Impulse Voltages. In order to obtain 
maximum lightning exposure, 50-foot rods will be in- 
stalled on top of each tower. Oscillographs and other 
lightning recording devices also will be installed on 
each tower. Additional impulse voltages, to simulate 
lightning and switching surges which can occur in 
service, will be imposed on the system by a 5-million- 
volt impulse generator (see cover of this issue). 


Data Processing. Inasmuch as one of the primary 
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purposes of Project EHV is to gather information and 
transform it into meaningful conclusions, the following 
plan has been conceived. Approximately 200 instru- 
ments will be located in five stations along the 4.3-mile 
iine. These instruments will measure essentially four 


categories of data: 


1. Meteorological: temperature, pressure, rate of pre- 
cipitation, etc. 
9. Electromechanical: strains and stresses in the con- 


ductors and towers, etc. 





Table Il. 


Experimental A-C Lines, Built for Study of EHV 
Transmission 





Number Kv Maximum (3- 
1¢ 36 Phase Equivalent) Year 


. + 
. Leeation Netes 


Chevilly, France l l 500 1946 
Alpe d'Huez, France ~- 2: 1946 
Puy du Dome, France § - 1947 
Toulouse, France I 23 1957 
Berlin, Germany l - 25 1941 
Southern Germany § 1941 
Rheinau, Germany 5 1951 
Schwarzwald, 

Germany - 1952 
Leatherhead, England 1948 
Baden, Switzerland 1947 
Tidd, Ohio, U.S.A 
Leadville, 

Colo., U.S.A. . 470 1957 
Tanashi, Japan 435 1951 
Sumitomo, Japan $35 1951 
Uppsala, Sweden 500 1946 
Gotheborg, Sweden : 600 1957 
Leningrad, USSR 3 650 1954 
AEP System, U.S.A. - : 362 1956 
Bonneville System, 

U.S.A. 362 1956 
Ontario Hydro 

System, Canada 270 1957 


Major 
High Alt 
Sleet 
Power 
Short 
Sleet 
Major 


Sleet 
Major 
Short 


Major 
High Alt 
Major 
Short 
Major 
Short 
Major 
Power 


Power 


Power 





*NOTES : 
Major: Experimental line for comprehensive tests of corona, several hundred 
to a thousand feet long 
Short: Short line, less than a hundred feet long 
Sleet: Line to study sleet and icing phenomena and mechanical performance 
Power: Line carrying power as part of an operating system 
High Alt.: Line built to study effect of higher altitudes (above 5,000 feet) 
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Fig. 3. Insulator string, 22 feet long, for extra-high-voltage line is 
tested with flashover to simulated tower. 


3. Electrical: voltage, current, corona loss, radio in- 
terference, etc. 

4. Transient Electrical: lightning, switching surges, 
fault currents, etc. 


A master clock in the control center at the northern 
substation will control all instruments in the first three 
categories. Every 15 minutes a signal will be transmitted 
from the clock to all instruments, which will be read 
simultaneously. The readings in the form of d-c voltages 
will be changed to digital form by an analog-to-digital 
converter in each station and transmitted by cable to 
the control center. Here these numerical data will be 
printed out (for inspection by the engineer in charge) 
and recorded on magnetic tape, in IBM 705 computer 
code. In case of bad weather (rain, snow, strong winds, 
etc.) at any location along the line, the entire system 
will go automatically from the 15-minute to a 1-minute 
cycle but the data will be recorded on magnetic tape 
only. Every week, the tape will be processed by the 
705 computer. The data will be first sealed, then 
checked for validity, then evaluated according to the 
most advanced statistical techniques, and correlated by 
multiple regression analysis. It is estimated that about 
10 million items of data will be gathered each year. 


System Operation. Project EHV will be more than 
just a short experimental line carrying only charging 


PROJECT EHV LINE 
DS. —> 17 MVAR 


3@ AUTO 650/136 KV 
40 MVA 





Fig. 4 (left), In 1960, Project EHV line will 


be first energized for open-ended operation. = REGULATOR & 30% HO KV 
Fig. 5 (right). In 1961-62, Project EHV loop DS. 


0.5. will be closed to permit power flow. C.8. C.B. 


REGULATOR + 30% 110 KV 


C.B. 


ae. ‘MOKVE2KV 
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Courtesy Western Massachusetts Electric Company 


current and with limited terminal equipment at only 
one end. Rather, it will be a complete ehv power sys- 
tem, operating continuously under conditions simulat- 
ing normal operation as closely as possible. For exam- 
ple, the conductor temperature rise over ambient will 
be the same as in an actual system carrying loads as 
high as 2 ndllion kva. This has not been done exten- 
sively in previous experimental lines, and will be ob- 
tained by circulating currents in the bundle conductors. 

The following plan of operation has been established: 


1. Early in 1960, the line will be first energized for 
open-ended operation, to investigate the 460- to 500-kv 
voltage level (Fig. 4). Number of conductors, spacings, 
and configurations will be varied to investigate thor- 
oughly this “next step” in ehv transmission. 

2. Early in 1961, the conductor spacings, insulator 
strings, and some equipment will be changed to permit 
investigation of the 650- to 750-kv range. 

3. Late in 1961, the apparatus will be installed at 
the open end of the line to complete the loop with 
the existing 110-kv line of the Western Massachusetts 
Electric Company. Project EHV will then operate in 
parallel with this line, at 650 kv nominal voltage level, 
carrying loads up to 40 mva (Fig. 5). 

4. In 1962, the breaker on the 110-kv line (Fig. 5) 
will be opened and the 650-kv system will replace the 
110-kv line and become an integral part of the Western 
Massachusetts system. The ehv system will then be 
fully operated by the utility to obtain further data and 
actual system operating experience. 

5. In 1963, the entire Project EHV will be re-evalu- 
ated, in the light of the results obtained and of what 
researchers elsewhere in the United States and abroad 
have learned. At that time, it may be decided (a) to 
continue operation at the same voltage levels to gain 
additional experience and data, (b) to raise the voltage 
to a million volts a-c, by rebuilding the towers and 
terminal equipment (the 300-foot right of way would 
be adequate for this voltage), or (c) rebuild the entire 
system for d-c transmission at voltages of the order of 
2 X 500 kv. 


Technical Work. As previously indicated, analytical 
studies and laboratory investigations have been used 
in the past, in addition to experimental ehv lines, to 
solve the problems of ehy power transmission. These 
three means are not mutually exclusive alternatives, but 
rather they complement each other and are equally 
necessary to obtain a proved solution. Therefore, Proj- 
ect EHV will be expanded by analytical studies, by 
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Fig. 6 left). Glowing 
electric discharges are 
measured in GE's 
High-Voltage Labora- 
tory for corona and 
radio-noise studies of 
bundle conductors. 
Fig. 7 (right). Bush- 
ing for 650-kv trans- 
former being checked 


by technician. 


analog models of the various aspects of the system and 
its components, and by laboratory research. It should 
be possible not only to determine and explain the 
performance of this ehv system, but also to predict 
the performance of future ehy systems that differ from 
this one. This, in turn, will lead to optimum system 
design practices. 

Therefore, as part of Project EHV, technical work 
will be done by many components of the participating 
companies in the areas indicated in the Appendix. In 
fact, work has been in progress in most of these areas 
for more than a year, to obtain design data for the 
650-kv system. Typical examples of this work are the 
determination of radio-influence voltage of bundle 
conductors to be used on the line (Fig. 6), the deter- 
mination of the impulse characteristics of long insulator 
(Fig. 3), and the 
testing of ehv apparatus components, such as a 650-kv, 
2,050-kv BIL bushing (Fig. 7). 


strings and of ground clearances 


CONCLUSION 


It 1s CLEAR that the scope of the technical work 
planned for Project EHV is very extensive and involves 
directly system design and operation. 

Because of the emphasis on the system aspect, an 
advisory council representing the utilities of this coun- 
try will help determine the scope of research and the 
parameters of Project EHV. The new knowledge that 
will result will be of direct interest and benefit to the 
electric utilities of this country, to the manufacturers 
of electrical apparatus, conductors, and towers, and 
to the national economy as a whole, because of the 
vital importance of electric power to this country’s 
future. 
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Appendix 


Areas of Technical Work 
A. System Design and Performance 
1. Economics of various a-c voltages 
Economics of d-c vs a-c 
Relative cost and influence of each component 
Optimum conductor size and configuration 
Economics of system reliability 
6. Interaction of apparatus and line 
7. Standardization 


B. Line Design and Performance 

1. Electrical and mechanical design of towers, con 
ductors, hardware, and insulators 

2. Corona loss 

3. Radio and television interference 

4. Mechanical performance of bundle conductors: 
wind contacts, icing, galloping, electromagnetic and 
electrostatic forces 


ra 


5. Sleet prevention and sleet melting 


C. Apparatus Design and Performance 
Power transformers and autotransformers 
Regulating transformers 

Current transformers 

Potential transformers 

Potential devices 

Circuit breakers 

Load-break switches 

Disconnect switches 

9. Lightning arresters 

10. Series capacitors 

11. Shunt capacitors 


_ 
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12. Coupling capacitors 
13. Line traps 

14. Shunt reactors 

15. Standardization 


D. Insulation 
Lightning 
. Switching surges 
Power current follow 
Low frequency overvoltages 
. Continuous service stresses 
Ferro-resonance 
. Arc deionization 
Recovery voltages 


9. Basic insulation levels 
10. Insulator contamination and leakage loss 
11. Insulation co-ordination 


E. Related System Equipment 
1. Carrier current 
2. Microwave 
. Relaying 
4. Telemetering 
5. Airplane warning 
». Conductor heating 
Power frequency meterings 
. Transient disturbance metering 
. Automatic data origination 
. Electronic data processing 





Demands of an Explosive Era 


C. H. LINDER 
FELLOW AIEE 


Today's compelling need is that of absorbing 
the impact of science and technology for the 
common good. This is a responsibility of all of 
us, because each advance affects the whole 
spectrum of our society and its institutions. The 
essential requirement is an enlightened citi- 
zenry, prepared to submerge individual interests 
in the group interest and to orient to new values 
when and as necessary. 


ERY FEW PEOPLE are aware of a tremendous 

tribute which was paid to the power industry 

almost a year ago. You might easily have missed it, 
for it happened very quietly. There were no speeches 
or fanfares; no trophies, plaques, or scrolls. The New 
York Times covered the event not in its news columns, 
but on the editorial page. The Times reported statistics 
from Washington to the effect that, in our gross national 
product, the effort spent to provide services exceeded, 
for the first time in our history, the effort devoted to 
producing goods. 

In an economy as large and complex as ours, this is 
truly a remarkable fact. It speaks volumes for the con- 
tribution of electric power to industrial efficiency and a 
rising standard of living. We have come to our present 
ability to produce through the multiplication of man’s 
muscle power by machines; the amplification of man’s 
sensory perceptions through measuring and control 
devices; and, most recently, the extension by computers 
of part of man’s mind—the ability to perform highly 
complex logical processes. The result has been the elim- 
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ination of drudgery and danger from untold numbers 
of productive tasks, together with an enormous gain in 
our capability to design and deliver more and more 
complex products to broader and broader mass markets. 
Those complex products include, of course, hundreds of 
devices contributing to the comfort, convenience, and 
enjoyment of man at home, at work, and _ while 
traveling. 

No one knows better than we do how utterly impos- 
sible any of these achievements would be without elec- 
tric power—inexpensive power, available in abundance. 
No one knows better what exercise of outstanding 
leadership has been required of the electric power in- 
dustry in pacing the country’s demands for power. The 
essence of that leadership has been the perceptiveness 
and courage to take great business risks on scientific and 
technological progress. The developments that have 
brought us where we are today were not handed to us 
on a silver tray. Most of them could not be completely 
proved on paper in advance. Foresight, co-operation, 
and hard-earned dollars had to be contributed by both 
the operating and manufacturing branches of the in- 
dustry, in order that visions could become realities. Our 
society will always be in debt to the power industry for 
leadership thus exercised and the results delivered. 

Society, however, has a way of acknowledging its debts 
by demanding more of the same, only better; by setting 
the past gain as a future standard. The projections of 
growth in our population, of the expansion of our econ- 
omy, and of our security needs all add up to demands 
on the power industry which offer no chance of relaxa- 
tion. Perceptive and courageous leadership will be re- 
quired of us more than ever, together with a great 
increase in plain, everyday hard work. The demands of 
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society upon us are not the only factor. The sciences 
and technologies from which we draw our progress are 
growing and changing with extraordinary speed. To 
exploit them for the common good is an increasingly 
complex task 


EXPLODING SCIENCE AND TECHNOLOGY 


THE HUMAN RACE started its career with three basic 
assets: natural sources of energy, natural sources of food 
and materials, and human ingenuity. With these three 
assets, we have created all the extraordinary array of 
goods and services available for the physical well-being 
of society today. The process, of course, involves scien- 
tific discovery, technological innovation, and applica- 
tion to meet the needs and wants of man. 

Historically, this process is much younger than the 
human race. There were precious few contributors to 
science and technology prior to the 16th Century, and 
only a handful, such as Da Vinci, Copernicus, and 
Galileo from then to the middle of the 18th Century. 
It is after 1750 that the great “milestone” names begin 
to multiply: Newton, Priestley, Watt, Lavoisier, and so 
on up to the present. The contributors mount up 
rapidly in the decades of the 20th Century. 

There is an interesting pattern in the historic process 
of applying science and teehnology to meet needs and 
wants of man. In this particular pattern, which might 
be called the 


sequential approach,” the discovery of 
the fundamental principle comes first. It is followed 
at some uncertain length of time by the work of the 
inventor who makes the application. This, in turn, 
is followed by the work of the entrepreneur who pro- 
duces and markets the end goods or services. Before 
1800, the time lag between discovery and use was meas- 
ured in centuries. By the early 1900's it was measurable 
in decades, and a fair estimate of the average in 1950 
would be 10 to 25 years. 

Now our own immediate times are sharply distin- 
guished by concentrated efforts to shrink this time lag 
still further. On the one hand, we have the great volume 
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and variety of human needs and wants; and on the 
other, we have the knowledge, facilities, and skills of 
business and industry. We constantly seek to match 
these capacities with human needs and wants in terms 
of products or services. (The power industry, of course, 
is not only a major contributor directly to the consumer 
in its own right; it is also fundamental to the contribu- 
tion of all business and industry.) Sometimes we start 
from the perception of a need or want and sometimes 
from the availability of particular facilities and skills. 
But what is notable about our efforts today is that 
industry more and more is co-ordinating activities in 
research, engineering, manufacturing, and marketing 
to secure the economic advantage of timely innovation. 
Whatever activities may be necessary are carried on, 
to the greatest extent possible, under an over-all plan 
and simultaneously. In other words, the discoverer, the 
inventor, and the entrepreneur work in parallel, instead 
of strictly in sequence. 

It is important to remember that rigidly controlled 
economies—whether socialistic or monopolistic—have a 
certain advantage in their efforts to squeeze time out 
of the process of putting science and technology to use. 
rhey do not need to allow for the free play of economic 
forces under a competitive, democratic system. 

However, the fundamental point to grasp is that the 
process through which society has capitalized on its 
three basic assets is not a simple arithmetic growth 
process. It is, in fact, exploding; and we could not stop 
it, even if we would. 


ADJUST TO CHANGE 


THE GREAT CHALLENGE to us is absorbing the impact 
of science and technology for the common good. It is 
of the utmost urgency for us to realize that this is a 
responsibility of all of us, because each advance of 
science and technology has impact throughout the whole 
spectrum of our society and its institutions. It is there 
that the absorption and adjustments must take place. 

Consider, just briefly, as an example of the problem 
of absorbing, the effects of science and technology on a 
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few facets of any national economy. The developments 
which have led to the conquering of disease and the 
easing of the struggle for livelihood have brought great 
expansions of population. Approximately one out of 
every 20 people who have been born since the begin- 
ning of time walk the earth today. Since 1941, the world 
has gained more than 500 million people, and 25 in- 
dependent nations. The world population is predicted 
to grow from some 21% or 3 billion to 6 or 8 billion by 
the year 2050. With such greater numbers to feed, house, 
and make prosperous—and with proved means of doing 
so at hand—it is no wonder there is competition to con- 
trol and develop sources of raw materials, energy, and 
markets. But there is more to it than that. What partic- 
ular goods and services can the economy most success- 
fully take to market? What raw materials are important 
to it? How much energy will it need? What kind of work 
force is required; how many farmers, skilled machinists, 
engineers, salesmen, accountants, or managers? These 
are questions for which the economy must find answers, 
while science and technology constantly change the 
factors in the solution. As one example, we are all 
acutely aware of the continuing problem of readjusting 
our work force to allow for the great increase in the 
efficiency of agricultural methods. To produce food for 
170 million people today, we need less than half the 
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number of farmers we needed only 40 years ago to feed 
a population of 105 million. 

Our own electric power industry is an outstanding 
example of one which has lived all its life on familiar 
terms with scientific and technological change. It has 
done so to date with outstanding success; it must con- 
tinue to do so in the*future. 

Fig. 1 shows, on a world-wide basis, the per-capita 
annual consumption of energy, expressed in equivalent 
metric tons of coal compared with per-capita yearly 
income in United States dollars. Fig. 2 shows the same 
general picture for electric power. Now, the significance 
of both these pictures, I would say, is that energy is 
synonymous with material wealth. Of course, it is pos- 
sible here to start the old chicken-or-the-egg argument: 
that is, do we have high consumption of energy because 
we are wealthy, or are we wealthy because we have high 
usage? Nevertheless, this fact remains: availability of 
energy in useful form correlates strongly with the living 
standards of its users. The correlation for electric 
energy is very probably the more precise, because elec- 
tric energy not only provides direct comforts and con- 
veniences, but also is essential to the provision of many 
other goods and services. 

Figs. 3 and 4 are predictions on a world-wide basis. 
Predictions such as these never turn out to be correct in 
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every detail; moreover, there is often a wide variation 
of opinion about how they should be made. Neverthe- 
less, they may be useful and significant indicators. 

The United States is, of course, the major producer 
of electric energy in the world. If, however, we consider 
rate of growth in electric power production, the United 
States and other private enterprise countries have a 
substantially lower rate than the USSR and the com- 
munist satellite countries. Naturally, they have some 
catching up to do, but let us have no doubts that they 
are doing so. 

The historic and the projected development of energy 
sources in the United States have fundamental signifi- 
cance for our industry. As Fig. 5 indicates, energy to 
meet our fequirements is available; the uncertainty (as 
indicated by the question-mark area) concerns which 
sources will be developed to the projected level of 
demand. The lesson for us here is that development of 
sources is linked to cost and is largely an evolutionary 
process. The cost of energy itself will be evolutionary. 
On the other hand, the products and processes for 
supplying the nation’s energy needs might be expected 
to experience more revolutionary change, as various 
forces compete for utilization. 

Figs. 6 through 10 illustrate some specialized areas 
of striking scientific and technological change. In Fig. 
6, our success in deriving more and more useful electric 
energy from our natural energy materials is shown. 
Note, however, how marginal our recent gains have 
become. 

Fig. 7 shows progress through higher temperatures. 
The trend line represents an arithmetic rate of increase 
of about 12 F per year. For pressure (Fig. 8), the growth 
rate is geometric at 6% per year. In Fig. 9, pressure and 
temperature are combined. Note how we have, in gen- 
eral, advanced along one path or the other inde- 
pendently. 

In Fig. 10, the entropy curves are compared. The 
three areas indicate the gains realized from different 
heat cycles at three different sets of pressure and tem- 
perature conditions. The lower two curves represent 
conditions realized in practice; the 10,006-psia cycle is 
theoretical. 

In all this matter of refining our present means of 
converting energy, the salient features of our position 
are these: 

1. Progress in performance is becoming more and 
more difficult to win through the conventional avenues 
of pressure and temperature. 

2. Sharply increasing expenditures for research, de- 
velopment, and engineering are required to wrest even 
a small gain from the applicable science and technology. 

3. Future work will have to be governed by an ex- 
ceedingly nice perception of the optimum balance 
among all factors affecting the objective. 


In the area of transmission, two factors of importance 
are the transmission system voltage (Fig. 11) and 
breaker interrupting capacity (Fig. 12). These illus- 
trations highlight three major points: 
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1. Increasing restrictions in obtaining rights of way 
are focusing attention on more efficient use of the power 
corridors 

2. Interconnection of systems is producing both long- 
line equivalents and high concentrations of power from 
the viewpoint of protection and switching. 

3. We have stood still for some time; it is urgently 
necessary for the future of power transmission that we 
seek new knowledge in high-voltage technology. 


Now there are two points to be emphasized with 
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regard to our industry and the related sciences and 
technologies. The first concerns the nature of the tasks 
ahead of us. We must recognize that the majority of 
our problems do not involve merely doing better what 
we already know how to do. On the contrary, a signifi- 
cant amount of effort is needed to prove technical 
feasibility of new ways and means of meeting require- 
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ments, and to develop new knowledge and understand- 
ing of nature. Also, a majority of our problems are 
system-wide in their implications, rather than related 
to a particular component or class of components with- 
in the system. 

The second point is that the aggregate effect of the 
great sweeps of science and technology is tremendous. 
Radical changes must be expected and accepted. They 
may be surmounted only by the summation of alert, 
sure-footed, and courageous action by each of us in his 
own field of interest. On the basis of the power indus- 
try’s record, its part of this assignment is in very good 
hands indeed. 

Striking as these examples of change in our own very 
basic industry are, they make up only a part of the 
total picture. In the general scene, it is to be expected 
that every nation probably will strive to do two things: 
freely exploit science and technology for the benefit of 
its people and, at the same time, maintain its national 
integrity. This integrity should embrace not only the 
geographical area and resources of a country, but also 
the total of a nation’s established “institutions,” includ- 
ing its economic and political ideologies and its stand- 
ards of value. It is unrealistic and dangerous to assume 
that all institutions can remain rigid while science and 
technology are exploding. This assumption is partic- 
ularly dangerous, because there will always be evil 
forces within any ideology ready to exploit scientific and 
technological change. 


OUR INSTITUTIONS AND VALUES 


TAKING UP THE TASK of looking candidly at some of 
our institutions and values in the United States, we can 
certainly say that traditionally we have been the out- 
standing leader in exploiting science and technology 
for the many within our hard-won concepts of freedom 
and the dignity of the individual. We have most cer- 
tainly demonstrated great courage, ingenuity, and 
capacity for hard work. But it is important to recognize 
that our success has also been uniquely dependent on 
our great natural energy and materials resources and 
on the favorable position which has permitted stand- 
ardization and mechanization for mass markets. We 
tend to be smug about our record in comparison with 
the countries of Western Europe. We forget the fact that 
their natural energy and materials resources are re- 
stricted, and that they have not developed along the 
lines of mass production primarily because they are 
hampered by boundary restrictions which have limited 
the development of mass markets. They are by no 
means lacking in courage or ingenuity or hard work. 

If we want to see where a major challenge lies, we 
have only to look to the East and see the parallels there 
with our own situation. The Soviet Union, China, and 
India, in contrast to Western Europe, have abundant 
resources, great potential for industrialization, and 
enormous mass markets at hand, with no border re- 
strictions to trade. The Soviet Union now has very 
significant industrial strength and is growing rapidly, 
through the contributions of highly competent scien- 
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tists and engineers. Countries that typify this growth 
include Brazil in South America, as well as China and 
India. They can be expected to become industrialized 
powers in the next decades. 

Although the United States has led in the exploitation 
of science and technology, we have not led in their 
generation. I do not cite this as a failure on our part, 
but I do mean to point out that we have chosen not to 
emphasize the kind of individual thinking in depth 
which produces the “milestone” contributions to under- 
standing and knowledge. 

Then there is the matter of coupling with scientific 
and technological progress. You have only to visit 
abroad—including the USSR—to find that scientists and 
engineers in every country are familiar in great detail 
with our achievements in science and technology. What- 
ever their native tongue, they follow and appraise our 
work closely in their field of interest, regardless of how 
much their requirements, conditions, and standards of 
excellence may differ from ours. By comparison, we are 
inclined to be insular in our relationships with world 
science and technology. 


APPROACHES TO TECHNICAL PROBLEMS 


EVEN THE MEANS of doing technical work has its con- 
trasts. We have stressed the experimental approach to 
design and have tended in many fields to neglect the 
theoretical. Our competent colleagues abroad, for ex- 
ample, choose a design on the basis of proof by calcula- 
tion—experimenting only to verify critical points. We 
tend to modify the old, to build one or a number of 
models, test, change parameters, test again, etc., in order 
to choose a design. Both methods have their advantages, 
but our favorite is generally more costly in facilities and 
time. 

Finally, we carry multiple approaches to the same 
end result far beyond the point where the most promis- 
ing approach should be selected and the others weeded 
out. We do this much too often; our friends abroad say 
frankly they cannot afford it. 

We clearly face some challenges in adjustments to 
change in this whole matter of our relationships to 
world science and technology. 

To go on with our self-examination, the United States 
today still has unquestionable, world-wide industrial 
leadership, but what are our plans and objectives with 


regard to it? We are advocates of self-help for less- 


developed nations. We are champions of competitive 
enterprise. But aren't we still very much inclined to 
insist On our own terms in these matters? In an article 
in the Saturday Review of January 18, 1958, C. B. 
Randall highlighted our difficulties with respect to 
activities of the USSR, as follows: 


“Soviet bloc tradesmen are everywhere these days. 
One by one they are attacking key areas, sometimes in 
Asia, sometimes in the Middle East, and now in Africa 
and South America, as they scent promise of success. 

“They have many trading advantages. They have no 
hesitancy, for example, to sell below cost, if by so doing 
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they can advance their political objectives. They are 
willing to extend long-term credits at interest rates as 
low as 2 per cent. The machinery and equipment which 
they offer lacks chrome, but is rugged and simple to 
operate, and is often better suited to conditions in 
primitive areas than ours. By way of payment, they are 
willing to accept the foods and fibers which are the only 
exports which many of the new countries have. This we 
cannot do, because we already have enormous surpluses 
of those very commodities. 

“When it comes to recruiting trained engineers and 
technicians who will take up residence in the far-off 
places of the world to train the local workmen, the 
Soviets have no problem. Ivan goes where Ivan is sent. 
And when he goes he speaks the language.” 


The challenges Mr. Randall speaks about do not stop 
with business and industry. Their impact comes right 
on through to you and to me—as members of the work- 
ing force, as purchasers, as citizens. If we were to draw 
a moral, I would put it this way: If science and technol- 
ogy can fill a particular need or want of people, that 
particular need or want will be filled. If this does not 
happen sooner by our classic methods of free enterprise, 
it will inevitably happen later and in other ways. 


EDUCATION 


ANOTHER OF OUR INSTITUTIONS which is feeling the 
impact of science and technology is education. When 
the hysteria of the present moment subsides, we shall 
still have to face this challenge: we must concentrate 
on quality. 

Pursuing our democratic principle of universal 
schooling, we have measured results in terms of quan- 
tity, neglecting qualitative measurements. Now we must 
face the plain truth that European standards are higher 
than ours. The qualifications of European graduates 
when they end their formal schooling and receive their 
first professional degree would compare with the quali- 
fications of our best students between the master’s and 
the doctorate degrees in our leading schools. Our high 
school graduates do not match the high school equiva- 
lent in Europe. 

Salvation does not lie in elevating one branch of 
learning above another. Millions of dollars for scientific 
education is not the answer, or millions for the hu- 
manities. Whenever I hear someone say that scientists 
and engineers need more of the humanities to broaden 
their perspective, I say “I agree.” Whenever I hear 
someone say that liberal arts people need more science 
and technology in their perspective, I wonder whether 
I have heard correctly, since this statement is made so 
rarely. Our goal must be more men and women of broad 
perspective, as well as a goodly number trained in great 
depth in the wide gamut of disciplines pertinent to our 
society. 

With respect to undergraduate courses of study, the 
great growth and change in science and technology 
indicate that we should not press upon the 4-year man 
any premature choices of his field of interest. Greater 
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emphasis on fundamentals common to all fields of en- 
gineering and de-emphasis on courses dealing with 
present equipment or practice seem to be vitally neces- 
sary. Trained this way, the 4-year man is more versatile 
and able to enter various fields of practice. Once he 
enters a particular field, he will be well prepared to do 
two things: first, to pick up what specialized training 
he needs on the job; second, to bring a balanced per- 
ception to bear on the past practices which have been 
developed in that field. Most important, we will not 
have forced upon him a choice between, for example, 
power and communication—perhaps resulting in his 
own frustration and a loss to total progress. 

Developing competent manpower calls for inspired 
teaching, and to attract good teachers, more money is 
needed. Speaking generally, brick and mortar are sec- 
ondary. The cost may seem high, but only on our pres- 
ent scale of values. We simply must be prepared to use 
more of our national wealth for this purpose, and less 
for purposes not so important. 

We could examine other facets of our society, but I 
am convinced we should, in every case, reach this con- 
clusion: To absorb the impact of science and technology 
requires of us new values and a new perspective for old 
values. 

We have in the United States the potential “softness” 
of great wealth. The citizens of this country are ac 
customed to an extraordinary spectrum of goods and 
services. We have never had to deny ourselves anything 
in order to meet national goals, except in time of war. 
Even then our restrictions have been light indeed, com- 
pared with those of others. 

This means that our lives include some nonessentials. 
Much more importantly, it could mean that our stand- 
ards of value do not recognize what the essentials are. 
It could mean that we have not had enough of the 
character-building experience of putting first things 
first. 1 submit that matters of the spirit and of the in- 
tellect must become more important elements in the 
fabric of our society. 

This brings us to the core of the matter for us in the 
United States. Granted that we sincerely wish to see 
scientific and technological progress shared by all the 
peoples of the world, how do we cross nationalistic 
interests to bring this about? How do we, a democracy, 
preserve our precious balance between the value of the 
individual and the needs of the group when we are 
dealing with nations whose ideologies permit them to 
be quite single-minded about the group, with no regard 
for the individual? How do we make free enterprise an 
effective participant in world affairs where the mo- 
nopoly economies of rigidly centralized governments 
are to be reckoned with? 

To maintain the dynamic balance in national and 
international affairs will require an enlightened citi- 
zenry, thoroughly aroused to the urgencies of our time. 
That citizenry must be prepared to submerge individual 
interests in the group interest and to orient to new 
values when and as necessary. It must do these things 
voluntarily, yet in constant watchfulness over funda- 
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mental liberties and values. This democracy must do, 
because it is absolutely essential that democracy take 
the initiative. 

Can the citizens of a democracy be aroused short of 
war? Can we be continually aroused to the challenges 
which face us? Norman Cousins’ brilliant editorial 
“Checklist of Enemies,” which appeared in the July 27, 
1958, Saturday Review, identifies some cardinal threats 
to this hope. 

The first threat is selfish, short-sighted aims. In Mr. 
Cousins’ words: “The enemy is many people. He is a 
man whose only concern about the world is that it stay 
in one piece during his lifetime . . . He is an enemy 
because nothing less than a passionate concern for the 
rights of unborn legions will enable the world to 
become connected and whole.” 

The second threat is hopelessness. Mr. Cousins goes 
on to say: “The enemy is a man who not only believes 
in his own helplessness but actually worships it. His 
main article of faith is that there are mammoth forces 
at work which the individual cannot possibly compre- 
hend, much less alter or direct. And so he expends vast 
energies in attempting to convince other people that 
there is nothing they can do...” 


THE INDIVIDUAL’S RESPONSIBILITY 


How can we overcome these threats? Surely, if we as 
free men can be stirred to action we, no matter what 
our position in life, can bring our influence to bear 
constructively. 

First, we must not only learn to accept change; we 
must assimilate it into our thought patterns. Second, 
we must remember it is all people who are to share— 
now and in the future—in what we make of the world. 
Third, we shall get nowhere unless we concentrate on 
“Me” not “They.” Specifically, 


I must keep informed for myself. 

I must think out, then choose, objectives to sup- 
port. 
must reduce those objectives to terms of practical 
actions, appropriate to my sphere of effort. 

I must then act in those terms. 
must observe the results of my actions and adjust 
both my actions and my objectives in the light 
of what I learn from observation. 


The opportunities to contribute will vary widely 
among individuals, as will the contributions themselves. 
The vital point is that everyone must contribute both in 
perception and in performance. He who does not can 
also be an enemy. 

As Mr. Cousins sums it up, “The enemy is not neces- 
sarily a bad man—indeed, he may be a man of high 
character and considerable good will. He may be giving 
the best that is in him to his family and his work. But 
he is a dangerous man nonetheless because he is a 
chronic absentee from his main job. His main job is to 
become supremely aware of and intimately involved 
in the great issues of his time.” 
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Dielectric Strength and Voltage Life of Polyethylene 


G. H. HUNT 


MONG the most promising types of material for 
A insulating high-voltage cables are those in the poly- 
ethylene family. Since its introduction around 1940, 
polyethylene has been used successfully for submarine 
telegraph and telephone cable, for high-frequency co- 
axial communication cable, and for multiconductor con- 
trol cables. It has also been used, in increasing quanti- 
ties, for high-voltage cable. Its application in 5,000-volt 
circuits has been accepted by the Insulated Power Ca- 
ble Engineers Association for some time, and present 
IPCEA ratings extend to 15,000 volts. There are ap- 
preciable amounts of 15,000-volt polyethylene-insulated 
power cable in use, both in this country and in Europe. 
Beyond this, there are scattered, installations for systems 
up to 34,500 volts, and manufacturers expect to push 
the limits even higher. 

Many factors can affect service life of insulation. Am- 
bient conditions, type of installation, current loading, 
and other external factors contribute to the behavior of 
the cable. There are also properties intrinsic to the 
cable itself which enter the picture; design and con- 
struction of the cable and the voltage—life characteristic 
of the insulation are basic factors which may control 
the life of cable in operation. Evaluation of this last 
property, the a-c voltage vs life characteristic, is the 
purpose of the tests reported here. 

In addition, the opportunity was taken to determine 
dielectric strength of each of the insulating materials 
used in the life tests. 

In order to reduce the number of variables affecting 
results, all work was done on wire with a single couw- 
ductor size and insulation wall. The conductor in all 
cases was No. 9 AWG solid untinned copper. A 0.100- 
inch nominal wall of insulation was used. 

Various types of polyethylene insulation of a num- 
ber different formulations se- 
lected. These include both conventional and high mo- 


of grades and were 
lecular weight polyethylene, and polyethylene to which 
a number of possible contaminating materials have 
been added. 

Sixteen samples of wire insulated with each com- 
pound studied were immersed in water at room tem- 
perature. Four of each were subjected to each of four 
different 60-cycle a-c voltages, corresponding to. average 
stresses of 60, 84, 95, and 125 volts per mil. After sev- 
eral months on test, it became obvious that the time to 
failure on 60 volts per mil would be too long to be 
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reached for any practical purposes. Accordingly, the 
test voltage was increased to 144 volts per mil. 

In order to obtain a statistical picture of the dielec- 
tric strength of the materials, 15 samples of each mate- 
rial were broken down under each of the following con- 
ditions: 


1. A-c quick-rise strength 
2. A-c step-rise strength 
3. D-c quick-rise strength 
4. Impulse strength 


Results of voltage-life tests made by grouping similar 
base materials are shown in Fig. 1. 


CONCLUSIONS 


1. High molecular weight polyethylene can be ex- 
pected to have a voltage life about seven times that of 
standard low molecular weight polyethylene. 

2. For any one type of base polymer, contamination 
of the polyethylene with dirt will materially shorten 
life on voltage. 

3. The addition of carbon black will reduce the volt- 
age life of high molecular weight polyethylene to a 
value not much higher than that of standard polyethy?- 
ene. 

4. Addition of 5% of Butyl rubber has no significant 
effect on voltage life. 

5. The presence of voids will reduce the initial step- 
rise strength of polyethylene as compared to its quick- 
rise strength, but this effect may not shorten life on 
voltage if water is permitted to permeate into the voids. 

6. Extrapolation of the voltage-life curves in Fig. | 
indicates that high molecular weight polyethylene may 
last (to 50% failure) more than 40 years in water at 
operating stresses up to 45 volts per mil. 
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Today’s Challenge to Engineering 


Initiative 


J. K. HODNETTE 
FELLOW AIEE 


Our profit economy requires, for continued ex- 

pansion, a progressive lowering of unit produc- 

tion costs that can be translated into lower 

prices. This means improved technology and a 

righting of the balance between wages and 
prices. 


WOULD LIKE to talk on “Today’s Challenge to 

Engineering Initiative.” After giving the matter 

considerable thought, I have begun to realize what 
a very big subject it is. I have just about concluded 
that one of the troubles with the United States today 
is an overproduction of challenges to engineering initia- 
tive. In fact, there seems to be almost as many challenges 
as there are engineers. 

The great responsibility that engineering and engi- 
neers face is the serious challenge I want to discuss. 

This nation has had 19 years of sustained economic 
growth. Three tremendous waves of industrial expan- 
sion have taken place since 1940, and in these expan- 
sions we have virtually laid down a new industrial base 
for our economy. 

During World War II, we very nearly doubled our 
gross national product (GNP). Then came the spurt of 
expansion in the first five postwar years. This was fol- 
lowed by still another spurt beginning in 1950, at the 
time of the Communist invasion of Korea. Since then, 
we have raised our manufacturing capacity more than 
50 per cent. 

Today, as a result of this massive effort, we have a 
vastly expanded production capacity in almost every 
industry and for virtually every product and service. 
Our economy is now faced with the problem of adjust- 
ing to these large additions to productive capacity. 

There is nothing new or strange about this. We faced 
a similar situation in 1949 and in 1953. An economy 
which is expanding and dynamic, as opposed to one 
which is merely static, will always face such problems 
at recurring intervals, 

In the past, we have taken care of expanding produc- 
tion with a secret economic weapon. First, we have 
raised the productivity of our working people with 
better machines, better equipment, and better, more 
efficient, methods. In doing this, we have lowered the 
unit cost of what we produce. We have passed on much 
of this lowered cost to the consuming public in the 
form of lower prices, 

The results of this classic American economic formula 
have been threeford. Through most of our history we 
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have had rising real wages. We have turned out greater 
and greater amounts of vastly improved low-cost com- 
modities and services. And we have created the Ameri- 
can mass market to absorb this increased production. 


BENEFITS UNEVENLY DISTRIBUTED 


HOwEVER, we now seem to be operating on the new 
principle that the benefits of productivity gains shall 
be wholly converted into increased wages without con- 
sideration of the other contributing factors. Proper re- 
flection is not being given the contribution of engineer- 
ing, advanced mechanization, or the investment that is 
required for these gains. Not only does this adversely 
affect the manufacturer but, for the first time in our 
economy, the benefits of improved technology are not 
being passed on to the consumer in the form of lower 
prices. The benefits are going, instead, to specific 
groups in the economy in the form of higher dollar 
wages. These productivity wage increases go first to 
the workers in larger mass production companies, but, 
of course, they soon spread to the smaller firms. Large 
or small, strong or weak, the firms must raise their 
prices to meet these increased costs if they are to stay 
in business. Thus, the danger of pricing a product out 
of the market is created without being able to afford 
the necessary technical advances. 

This situation works against the conditions which 
have always been considered necessary for full employ- 
ment and a sound prosperity in this country—namely, 
a proper relation between prices of different kinds of 
goods in a free market economy and production costs 
as well as wages and prices. It is this situation which 
has produced the strange imbalances we see in the 
economy today. Wages and prices have been hitting 
new high points at a time when employment, sales, and 
profits have been dropping. This statement bears repe- 
tition—wages and prices have been hitting new high 
points at a time when employment, sales, and profits 
have been dropping. This is contrary to the law of 
supply and demand, and obviously it cannot continue 
for very long. 


MAJOR ENGINEERING RESPONSIBILITY 


THE MAJOR ENGINEERING RESPONSIBILITY mentioned 
earlier is concerned with this situation. It lies in the 
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work that must be done—the steps that must be taken— 
to meet and reverse this trend. 

Basically, this is a responsibility—a problem—of in- 
dustrial management rather than of engineering. And, 
basically, the solutions must be found in several parts 
of the economy at once. The attitudes of the labor 
unions, the actions of Government, the consent of the 
consumer—all these and other factors have a bearing on 
how successfully solutions are found to the problems 
that come with rising costs and falling profits. 

Industrial management, nonetheless, will call on en- 
gineering to provide a very large share of the total solu- 
tion. Engineers will be expected to perfect still more 
efficient machines and still more efficient production 
methods. 

Management must now, as never before, use im- 
proved machines and fresh methods to bring unit pro- 
duction costs still lower. It must struggle to translate 
these lower costs into lower prices. If this can be done, 
sales volume will rise and production lines will stabilize. 
The trend to declining profits may be reversed or, at 
least, contained. The standard of living will continue 
to improve. 

It is the engineering and scientific function of our 
economy, more than any other, that can help manage- 
ment to accomplish these ends. 

This may sound like a pretty large order for a man 
who happens to have a B.S. degree and simply wants 
to earn a living in his profession. And yet, this has 
been the way it has happened in the past, and it is the 
way it must happen in the future. When management 
is required, like De Lawd in the play “The Green 


Pastures,” to “r’ar back and pass a miracle,” it turns 


for help first of all to its scientists and engineers. 

Management simply wants more of what has been 
done in the past—but this time, because of the urgency 
of the economic situation, management wants it faster. 
And management knows that it will get what it asks 
for, because the record shows that not only are we 
getting remarkable new machines and processes, but 
also an increased tempo in their application. 

KEY ROLE OF COMPUTER TECHNOLOGY 

IMPROVEMENT of industrial processes and equipment 
in the past few years has been tremendous. Each new 
machine and each new process is a little faster, a little 
better controlled, a little more nearly automatic than 
the one before it. Along with this improvement has 
come tremendous progress in a very short time in 
analog-type feedback control systems and digital-type 
processing machines, Computer power in the Unitted 
States is increasing in the ratio of 10 to | each year. It 
is a widely accepted fact of American business life 
today that no industrial operation can remain competi- 
tive without using some form of data processing ma- 
chine or integral computer technology in machines to 
provide automatic systems. 

As a business friend of mine put it the other day, 
“Life was simpler in the days of ‘Pike’s Peak—or Bust.’” 
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He said that one computer manufacturer is thinking 
of adopting the slogan, “Univac—or Lose the Inside 
Track.” We agreed that this proves, among other things, 
that slogans are now getting as complicated as our 
machines. 

You may have read the statement in Fortune maga- 
zine several months ago on what the large computers 
at Sharon, Pa., are doing in the design of transformers, 
generators, and motors. These machines perform basic 
design work in minutes, a task which formerly occupied 
an engineer for weeks. In designing this kind of elec- 
trical equipment, many variables can be used. There is 
a choice of several combinations to achieve the same 
performance—and the choice is not an automatic one. 
Ihe choice, in fact, may mean the difference between 
a profitable and a losing operation. The computer gives 
a choice of nine designs in nine minutes. A good en- 
gineer doing the same job would be lucky to work out 
one possible design in two weeks. 

These computers are doing more than merely speed- 
ing up and improving the design of major products. 
They are doing tremendous things to the design of en- 
gineering itself. By relieving the engineer of tedious 
chores, such as time-consuming calculations, repetitive 
application of alternatives, the computers are channel- 
ing brainpower into areas of original concepts, basic 
decisions, brand-new thinking on tough problems. 

FUTURE OF THE OHIO VALLEY 

MANY OTHER EXAMPLES of striking engineering and 
scientific developments can be cited. They would all be 
different, but they would all be linked by a common 
denominator. Each is an answer to a challenge that 
faced the engineers and scientists involved. In all cases, 
the challenge in its broadest terms was simply to pro- 
duce better products more efficiently at lower cost. 

It is very appropriate that this meeting is being held 
in the heart of the Ohio River Valley. A few things 
should be pointed out about what is happening in this 
great industrial area, because it supports the under- 
lying theme of my discussion. 

The Ohio River and its valley played a romantic 
and important part in the westward expansion of our 
country. Even in the early days, people along the river 
did not confine their activities to farming and water 
transportation. They were many miles and mountain 
ranges away from the manufacturing centers of the 
East, and so they looked for the fuel and the raw ma- 
terials for manufacturers of their own. They began to 
produce wrought iron and build the fabricating plants 
to use the iron. 

When iron gave way to steel, there was considerable 
economic dislocation. But many of these pioneer indus- 
trialists became steel men—and enhanced their reputa- 
tions still further. For example, the modern high-speed 
continuous rolling process for making wide strip and 
sheet was invented and perfected in one of these mills. 

Today, the area is rapidly becoming the industrial 
heartland of America. In the past 7 years, some $8 bil- 
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lion has been committed for expanding existing indus- 
trial facilities and for building new ones. The Ohio 
now surpasses the Rhine—Europe’s “chemical river’’—in 
terms of chemical plant investment. Nearly three times 
as much steel and more than three times as much coal 
are produced along the Ohio River than in the Ruhr 
Valley. 

New plants have been springing up in the Ohio 
Valley for basically the same reasons that prompted 
the pioneers to establish theirs: abundance of fuels and 
raw materials. Aluminum, for instance, needs tremen- 
dous quantities of low-cost power, For that reason alone, 
many early aluminum reduction plants were situated 
in remote places to be near sources of hydro-electric 
power. As hydro sites became harder to find, the indus- 
try turned to low-cost steam generation. The Ohio 
Valley coal and water, together with today’s efficient 
steam turbines, added up to the right combination for 
Kaiser Aluminum, with its new plant at Ravenswood, 
W. Va.; for Olin Mathiesen, at Clarington, Ohio; and 
for Alcoa, at Evansville, Ind. 

For the vast new chemical industry, the abundance 
of salt deposits in this area was a key factor, although 
other factors, such as coal, water, space, and electric 
power had its influence, too. The roll call of chemical 
companies which have built or are building plants in 
the Ohio Valley is an impressive vote of confidence in 
the future of this area. 

There is every reason to believe that the industrial 
build-up in the Ohio Valley still is in its infancy. A 
substantial portion of the future national expansion 
of heavy industry will certainly be drawn to this region. 
And you have yet to see the influx of secondary indus- 
tries that should follow the development of primary 
industry. 


IMPORTANCE OF COAL 


To A VERY CONSIDERABLE EXTENT, the continued de- 
velopment and prosperity of this region will depend, 
as it has in the past, on how efficiently and economically 
you extract coal, the area’s primary natural resource. 
Industry has a ravenous and ever-growing appetite for 
coal—and for the engineering knowledge to get it out 
of the ground and into the furnaces of industry quickly 
and cheaply. 

The record of accomplishment here speaks for itself. 
In 1936, coal was being produced from underground 
mines at the rate of 4.4 tons per man-day. At that time, 
less than 20 per cent of underground production was 
mechanically loaded. Today, the productivity rate is 
well over 8.5 tons per man-day—and the man-day is a 
great deal shorter than it used to be. The continuous 
mining machine is the rule rather than the exception. 
Millions of feet of belt conveyors are being used to 
transport coal from the face of the mine to the surface. 
Automatic hoists for elevating material from under- 
ground are commonplace, and have control systems 
comparable to those of the most modern building 
elevators. 

But even such developments as these will not be 
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enough to meet the demands of the future. Westing- 
house estimates that in 20 years the electric utility in- 
dustry will be using three to five times as much coal 
as it uses today. This estimate is made despite the fact 
that in 1978, one fourth of the nation’s installed gen- 
erating capacity may be in nuclear power plants—a 
capacity just about equal to the total installations today. 

We estimate further that in 40 years, the utilities will 
be burning at least six to eight times as much as they 
now use. That is twice as much coal as all the coal 
being mined for all purposes today. 


IMPROVED MINING TECHNIQUES NEEDED 


To ACHIEVE SUCH INCREASES at low costs—in the face 
of more difficult mining conditions—will certainly be 
one of the major engineering challenges in the coming 
decades. The electrical industry foresees the need for 
spectacular advances in the techniques of mining coal, 
particularly in the area of controls and is confident that 
advances will be achieved. 

Fully automatic mine hoists for hauling men, sup- 
plies, and production will be common in the future. 
This equipment will operate deep in the earth at 
speeds exceeding 30 miles an hour. It will carry huge 
tonnages and will operate without attendants. 

Mining machines will be larger and more complex. 
They will have automatic controls and drives to relieve 
the operator of many of the decisions he now makes 
with present-day equipment. Most of today’s electro- 
mechanical components will be replaced by hermeti- 
cally sealed and encapsulated relays and motor starters. 
These will be of the static type and will use powerful 
transistors. Such equipment will greatly reduce explo- 
sion and corrosion hazards. Because of their static na- 
ture, maintenance problems will be all but eliminated. 

As can be seen, emerging clearly from these remarks 
is the fact that there are some very serious problems 
and a tremendous amount of work ahead. Much has 
been accomplished, but much more remains to be done. 

This is not work for the engineer or the scientist 
alone. It is not work for industrial management alone. 
It is work for all forces in the economy, for all segments 
oi the population. 

If we Americans are to do the work that needs to be 
done in the decades ahead, and solve the problems 
which we will have to face, then we must strive to main- 
tain a balanced economy in which all groups and in- 
terests profit from our technological advances. Con- 
sumers must be given improved products at prices they 
can pay. The stockholder must be paid for the loan 
of his money, with good protection and enhancement 
of its value—this is a must, if the business is going to 
continue to get him to invest his savings. For his skill, 
care and effort, the worker must be given his fair 
share—and no more—of the benefits of technology which 
grow out of a widespread and costly endeavor carried 
out by the sweat, brains, and money of many people. 
The public—the communities in which we work and 
live—must be assured of a stable dependable business 
environment. 
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In the marriage between capitalism and democracy 
which has produced the marvelous system under which 
this nation lives, there is a mutuality of interest among 
all these groups. That which hurts one hurts all. What 
is given to one at the expense of the others, detracts 
from the total good. 

The directors of Westinghouse, in recent years, have 
been following the practice of paying one half of net 
profits to the stockholders of the firm—of whom, inci- 
dentally, 32,900 are employees. We have plowed the 
other half back into modernization and expansion of 
facilities and into research and development. This prac- 
tice is in the interest of all groups who have a claim 
on the company—and most particularly to its employees. 
The firm asks its employees—and most especially that 
great majority who are union members—to recognize 
that their interests are served when the company mod- 
ernizes and expands, improves its processes and prod- 
ucts, and invests in laboratory research and engineering 
development. 

I speak freely of the need for profit because I know, 
as you know, what the consequences can be where there 
are no profits, or where they are diverted from many 
groups to one group. Ghost communities have been 
seen where the major industry has failed because it 
could not run a profitable operation. Perhaps, specific 
companies can be remembered whose profits were 
drained off to the families that owned them, with little 
or nothing turned back into the business. Those com- 
panies have failed or been absorbed, or they have 
changed their ways. 


I speak freely of the need for profit because [ know, 
as you do, that most of the good things come with 
profits, and that most of these good things disappear 
when profits disappear. Our improving standard of 
living, our community welfare programs, our work in 
health and education, our industrial growth, our re- 
search efforts, our tax revenues, very national 
strength and security—all these depend on the profit- 
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making capacity of 4 million or more business enter- 
prises around which our economy is built. 

As businessmen, we have the major responsibility of 
giving a good economic performance. As professional 
men, we have the major responsibility of developing 
the technological means by which industry can improve 
its products and processes to the benefit of the national 
community. 

But as citizens, we have responsibilities that are 
broader and deeper than this. We must be aware of the 
economic and social context of our industrial develop- 
ment. We must work to show the nation how it may 
achieve its essential industrial progress and, at the same 
time, build a society in which the human mind and 
spirit can develop. 

It is no mere technological paradise that we are 
striving to attain when 20, 40, and 60 years have rolled 
by. We are striving, rather, to base a magnificent indus- 
trial machine on the human values which make that 
industrial machine worth running. 

If you accept this, too, as your challenge, there is 
nothing in the world that can prevent us from achiev- 
ing it. 





Circuit Checker 


In today’s long-range aircraft, hundreds of miles of 
electrical wiring are required to make the various 
components function. In the Boeing B&-52 global 
bomber, for example, miniature cannon connectors are 
used for connecting and disconnecting electrical cir- 
cuits quickly. 

The male end of the cannon connector shown in- 
dicates that the cable contains 30 separate wires. Before 
meeting inspection requirements, each wire must pass 
rigid continuity and high-voltage breakdown tests. The 
new device has been developed for conducting such 
tests, replacing a time-consuming and laborious hand- 
probing method. 

In using the new device, electrical cables to be 
checked out are connected to master cables on the cir 
cuit checker. Power is provided by a Model 4/1 Hypot 
connected to terminals at the top of the checker. Each 
wire in a cable has been given a letter designation. To 
check the “H” wire, for example, one control knob 
is turned to the “H” position and the other knob is 
tried at all other positions on the panel to test for shorts 
or indications of high-voltage breakdown. This latter 
knob is turned to the “H” position for checking con- 
tinuity. If the “H” wire, or any other, fails to pass 
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either test, this fact is indicated by a light on the 
Hypot unit. 

This Boeing Airplane Company, Seattle, Wash., cir- 
cuit checker has ‘proved highly satisfactory. Its advan- 
tages are low cost, simplicity of operation, and reli- 
ability. 
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ECPD Accreditation 


of Engineering Curricula 


Cc. C. CHAMBERS 
FELLOW AIEE 


The process of accreditation contributes to engi- 
neering education, thus to the profession as a 
whole, by insuring not only adequate curricula, 
but also the general improvement of all curricula. 
The history and operation of the ECPD Education 
and Accreditation Committee are described. 


CCREDITATION of the engineering curricula 

of our American institutions for engineering 

education is the most significant contribution 
to the development of engineering as a profession. It 
has provided and continues to provide a practical con- 
structive force to enhance the scholarly characteristics 
of the truly professional engineer. Catering to the 
intrinsic desire of every institution to improve, the 
Education and Accreditation Committee of Engineers, 
Council for Professional Development (ECPD) gives 
constructive criticism based on its inspection to the 
institution, even when the quality of the curricula is 
well above the minimum for accreditation. Thus, this 
process contributes to engineering education by insur- 
ing not only adequate curricula, but also the general 
improvement of all curricula. 

The quality of the American engineering profession 
is inextricably bound to the quality of the engineering 
education offered by our schools. Every engineer, there- 
fore, should be interested in understanding this pro- 
gram. 

The activities of the Education and Accreditation 
Committee are riot always understood by the ordinary 
engineer as well as they should be. Some people have 
the mistaken idea that this committee attempts to 
stereotype engineering education, which is contrary to 
the facts. The committee encourages experimentation 
in engineering education as the way to improvement 
and advancement of engineering education to a high 
professional level. 


HISTORICAL BACKGROUND OF ECPD 


INFORMATION contained in “The Report of the In- 
vestigation of Engineering Education, 1923-29,” pub- 
lished in Engineering Education, the journal of the 
Society for the Promotion of Engineering Education, 
has had a profound effect on engineering education and 





Essentially full text of a paper presented as the report of the National 
Society for Professional Engineers Education Committee at the NSPE 
Spring Meeting, East Lansing, Mich., Feb. 13-15, 1958. It was presented 
following discussions of the Committee which inchuded, in addition to 
the authors, T. S. Crawford, A. C. Crymble, and J. C. Park. 


Cc. C. Chambers is with the University of Pennsylvania, Philadelphia, 
Pa.; G. F. Branigan is with the University of Arkansas, Fayetteville, Ark. 


686 


Chambers, Branigan—ECPD Accreditation of Engineering Curricula 


G. F. BRANIGAN 


engineering as a profession. Great credit for that early 
effort to enhance engineering education is due the two 
leaders who served as director and associate director of 
this comprehensive self-investigation of curricula, stu- 
dent personnel studies, students and graduates, admis- 
sion and elimination, teaching personnel, services, and 
facilities. We refer to-the late W. C. Wickenden, presi- 
dent of Case Institute of Applied Science and the late 
H. P. Hammond, dean of the School of Engineering at 
Pennsylvania State College. 

The scope of the investigation, as well as the stimula- 
tion given to further study of problems which closely 
associated themselves with engineering education and 
its professional status, led to closer co-operation of 
engineering societies in general. The danger that each 
engineering school would have to be independently 
accredited by each state for registration purposes and 
by each society for membership purposes indicated a 
need for unified action. A meeting of minds represent- 
ing the technical, educational, professional, and legal 
phases of engineering brought about the formation in 
1932 of the Engineers’ Council for Professional De- 
velopment. The participating bodies were the five 
oldest national engineering societies (civil, mining, 
mechanical, electrical, and chemical), the Society for 
the Promotion of Engineering Education (since 1946, 
the American Society for Engineering Education), and 
the National Council of State Boards of Engineering 
Examiners. In 1940, the, Engineering Institute of 
Canada affliated with ECPD. 


PURPOSES OF ECPD 


THE GENERAL OBJECTIVE of ECPD is the development 
of engineering as a profession. There were four standing 
committees named to implement a plan of action for 
the achievement of this objective: (1) Engineering 
schools; (2) Student selection and guidance; (3) Profes- 
sional development after graduation; and (4) Profes- 
sional recognition. 

There has been no change in the objective of ECPD 
from the time of its organization in 1932. Some changes 
in the number of committees to achieve the objectives 
have been made with accompanying title changes where 
it has been thought that the functions of the committee 
might be better portrayed by a more descriptive title. 
This has been particularly true of the Committee on 
Engineering Schools. It was renamed the Education 
Committee and was so designated in the 1951 report. 
The title was changed to reflect more nearly its ac- 
creditation function, and appeared as the Education 
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and Accreditation Committee in the 24th Annual ECPD 
Report issued in 1956. 


EDUCATION AND ACCREDITATION COMMITTEE 


In 1932, when ECPD was organized, 27 states, 
Hawaii, and Puerto Rico had enacted laws which made 
registration by an examining board a requirement for 
the practice of professional engineering. A normal re- 
quirement of an applicant was an approved diploma. 
Engineering schools had been autonomous units, fixing 
their own entrance and graduation requirements. There 
was great variation in the quality of graduates, because 
of inadequate curricula, faculties, and facilities and the 
fact that some schools granted diplomas for less than 
the normal four years of academic work. The Com- 
mittee on Engineering Schools assumed the task of 
accrediting engineering curricula throughout the United 
States, 

Dr. K. T. Compton of the Massachusetts Institute of 
Technology (MIT) was the first chairman of the Com- 
mittee on Engineering Schools. The first visiting com- 
mittees were formed from a list of 100 selected engi- 
neers and educators. The schools furnished statistical 
data requested by the visiting committees for apprais- 
ing the quality of their work. During the period 1935- 
39, committees visited approximately 150 engineering 
schools and passed judgment on nearly 700 curricula 
submitted by the schools. The fact that 16 per cent of 
the institutions inspected were refused accrediting and 
that 25 per cent of all curricula examined were rejected 
gives an indication of the thoroughness and courage 
with which this work was done. These figures also give 
proof of the high standards set by the committee under 
Dr. Compton's leadership. Upon his regretted resigna- 
tion in 1939, the governing body of ECPD was very 
fortunate in persuading Dean A. A. Potter of Purdue 
University to succeed Dr. Compton as chairman. Dean 
Potter’s work in engineering educational circles and as 
a past-president of The American Society of Mechani- 
cal Engineers and the American Engineering Council 
had given him great prestige among engineers of our 
nation, making him a fitting successor to Dr. Compton. 
Dean Potter served on the Education Committee of the 
National Society for Professional Engineers (NSPE) last 
year. 

As with any process whereby judgment must be made 
on the administration of the institution and its school 
of engineering (including its curricula, faculty and 
facilities), ECPD and its committees on Engineering 
Schools have met with some criticism. The multiplicity 
of accrediting agencies, the tendency of some of these 
agencies to put educational procedures into a strait 
jacket, and the practice of requiring extensive informa- 
tion described by administrators as “unpertinent and 
impertinent” have caused dissatisfaction on the part of 
educational administrators. On the whole, it is quite 
generally believed that engineering accreditation pro- 
cedures are superior to those of many other accrediting 
agencies. It is also believed that the strong leadership 
which our committees have enjoyed has given prestige 
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to our accreditation activities. After Dean Potter, the 
following prominent engineering educators have served 
as chairman of the accreditation committee: D. B. Pren- 
tice, president of Rose Polytechnic Institute; H. T. 
Heald, president of Illinois Institute of Technology 
and presently president of the Ford Foundation; S. C. 
Hollister, dean of engineering at Cornell University; 
Thorndike Saville, dean of engineering at New York 
University; Harold Hazen, dean of the Graduate School 
at MIT; and now W. L. Everitt, dean of engineering 
at the University of Illinois. 


HOW THE COMMITTEE OPERATES 


THERE ARE seven regional geographical divisions of 
territorial United States for efficiency of operation of 
the Education Accreditation Committee. Each 
region’s chairman and vice-chairman are held respon- 
sible for the activities in their region. They are directly 
responsible to the chairman of the committee. However, 
all correspondence relative to the committee’s activities 
will normally be addressed to the secretary, S. L. Tyler, 
at 29 W. 39th St., New York, N. Y., the headquarters 
of ECPD. 

Upon receipt of a request for an inspection or re- 
inspection, Mr. Tyler sends to the head of the engineer- 
ing school a set of questionnaires to be completed and 
mailed to the appropriate persons who are involved in 
the inspection operation. The maximum term of ac- 
creditation by ECPD is for a period of 5 years, there- 
fore periodic reinspections are made at those intervals, 
if a school wishes to maintain its accreditation. Those 


and 


who receive copies of the questionnaire are the chair- 
man of the over-all committee, the chairman or vice- 
chairman of the region, and the inspectors for the cur- 
ricula under consideration. Usually the chairman or 
vice-chairman will serve as an inspector for the cur- 
riculum in his field. However, it is the present practice 
to provide continuity and uniformity in the inspection 
procedure by having the chairman or vice-chairman of 
the region serve as chairman of the inspecting commit- 
tee on every visitation made in the region, even if cur- 
ricula to be inspected are not in the field of either’s 
training. The decision as to which one serves as the 
chairman for any inspection usually is decided between 
the chairman and the vice-chairman of the region. 

Inspection teams are recruited by the chairman for 
the institution’s inspection from a list of inspectors 
which appears in the annual ECPD report. These are 
carefully chosen by the Education and Accreditation 
Committee from the various fields of engineering on the 
advice of the education committees of the professional 
society groups. They are then recommended to the 
governing body of ECPD, the Council, for final ap- 
proval. It is apparent that a rather careful screening 
process is followed in the selection of inspectors of cur- 
ricula in the various branches of engineering. 

On the evening prior to the two days set for the in- 
spection at an institution, the inspection committee is 
called together to review the questionnaire which has 
been submitted by the school. Also, any previous actions 
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taken by visiting committees are discussed. Working 
assignments are made and a schedule is proposed tor 
visiting the service departments which contribute to the 
education of engineers, as well as the engineering de- 
partments. It is the usual practice to arrange a meeting 
with the dean or chief administrative officer of the 
engineering program on the morning of the first day. 
A time may be set to visit with the president of the in- 
stitution, and other arrangements for the schedule of 
operations may be worked out, including a luncheon 
meeting, if the institution sees fit to extend an invita- 
tion. ECPD requests that this be the only entertainment 
provided for the visiting committee by the institution. 

The inspection committee will meet on the evening 
of the first day to discuss findings of its members. 
Usually, the individual’s particular work assignments 
may be completed by noon of the second day. The 
committee should reassemble in executive session at 
luncheon on the second day for crosschecking findings 
and to come to an agreement as to strengths and weak- 
nesses and the nature of the recommendations that will 
be made to the institution. These will normally be re- 
ported to the dean and, where desirable, to the presi- 
dent on the afternoon of the second day. The inspec- 
tion team members are then free to return to their 
homes. 

Each inspector prepares a detailed report of his find- 
ings as soon as possible after the inspection and sends 
it to the committee chairman who combines all such 
reports into a composite report, copies of which go to 
the general chairman, the regional chairman and the 
chairman of the inspection committee. This report con- 
tains a confidential statement of observations, facts, and 
recommendations for action by ECPD with regard to 
accreditation. 

The chairman of the Education and Accreditation 
Committee calls the seven regional chairmen and vice- 
chairmen together in June and October of each Year to 
consider reports on institutions of inspection commit- 


tees. In this way, more uniform treatment is given to 
the consideration of schools over the country, as a 
majority vote is necessary to gain support for the recom- 
mendations of the visiting committee. However, ECPD 
has checks and balances for this important work of 
accreditation. The final approval of the actions of the 
Education and Accreditation Committee must be re- 
ceived from the Council, which includes three repre- 
sentatives of each of the constituent societies of ECPD. 
All of the men involved in this work are dedicated to 
the principles underlying ECPD, development of engi- 
neering as a profession through the maintenance of 
high standards in our engineering schools. 


EFFECTS OF ECPD ON PROFESSIONAL 
AND LEGAL ASPECTS 


RECOGNITION OF ENGINEERING legally as a profession 
was accelerated by the activities of ECPD and its work 
in the accreditation of engineering schools. The stum- 
bling block of an approved diploma as a normal require- 
ment for registration was removed. Today all of the 48 
states, Hawaii, Puerto Rico, Alaska, and the District of 
Columbia have laws providing for the registration of 
professional engineers. 

It is hoped that strong support for ECPD and the 
work of the Education and Accreditation Committee 
will continue as the profession of engineering advances. 
An early ECPD publication stated, “Engineering, 
broadly defined, is the combination of art and science 
by which materials and power are made useful to man- 
kind.” This is still an excellent definition. More em- 
phasis is being placed on science in the engineering 
curricula of today than on the art of yesterday. It is a 
transition necessitated by advances in our technolgy. 
The Education and Accreditation Committee of ECPD 
accepts as its responsibility the improvement and safe- 
guarding of engineering educational standards by ac- 
crediting only those curricula in engineering worthy of 
recognition. 
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New version of Tradic, transistorized electronic 
brain for automatic bombing and navigation is shown 
being checked at Morristown, N. J., by some of the 
Bell Telephone Laboratories engineers who designed 
and built the electronic system. This system resulted 
from one of the earliest applications of transistors for 
the U. S. Air Force to airborne digital computers. 

The basic principles of Tradic were applied to a 
computer which developed into the first all-transistor 
bombing and navigation system available to the Air 
Force. It also includes partially transistorized radar; 
encoding, decoding, and decimal display devices; the 
plane’s instruments; and navigational equipment. 


ELECTRICAL ENGINEERING 





Frequency Response of a Nonlinear Closed-Loop System 


W. A. STEIN 
MEMBER AIEE 


HIS ARTICLE PRESENTS two general concepts 

which are very valuable in analyzing nonlinear 
servomechanisms. A graphical procedure is introduced 
by which the frequency response of a nonlinear closed- 
loop system can be determined from the describing 
function. The theory is even valid for the general de- 
scribing function which is both amplitude and fre- 
quency dependent (Fig. 1). 

The total transfer function G of a servomechanism 
can be resolved into the product of two components: 
N(jw,V) which is the describing function of the nonlin- 
ear element, and H(j@) which is the transfer function of 
the linear elements. A plot of H(j@) and —1/N(jw,V) is 
then made on a gain vs phase-angle co-ordinate graph. 
The —1/N(jw,V) curve is then the locus of the critical 
points. 

These curves may then be used with a Nichols’ chart 
to compute the frequency response of the system when 
the test signal has a fixed input amplitude R. The pro- 
cedure involves some trial and error, and is as follows: 
select any frequency, such as @ = ws. This frequency is 
to be used on both the H(j@) and —1/N(jm,V) curves. 
Since the —1/N(jw,V’) curves contain a number of points 
at frequency @, (caused by amplitude-sensitivity) an in- 
telligent estimate of V must be made and the corre- 
sponding w, point located. 

Assume V = V”. The point on the —1/N plot cor- 
responding to , and V” is pinpointed over the origin 
of a conventional Nichols’ chart. A value of closed loop 
gain M and a value of closed loop phase shift ¢ are then 
read off the Nichols’ chart contour lines at the point 
where H(jw) is equal to qs. 
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Fig. 1. Block diagram of servomechanism. 


It is then necessary to check these results against the 
assumed value V = V”. If a check is not obtained, the 
procedure is repeated until it does, but convergence is 
usually very rapid. The entire closed loop frequency 
response for a specific input amplitude R can be ob- 
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tained by repeating these calculations at a number of 
frequencies. 

In Fig. 2 the negative reciprocal of the describing 
function and the transfer function of the remaining 
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Fig. 2. Graphical construction for determining points on the 
f characteristic. 


freq y resp 





linear elements are sketched on the gain vs phase-angle 
chart. A Nichols’ chart is superimposed at the critical 
point @, and V”. 

Second, an analytical method is developed for evalu- 
ating the describing function by Fourier analysis of that 
type of nonlinear component whose time constant and 
gain vary with the magnitude of the input signal. 
As an example of a nonlinear element which meets these 
specifications the 2-phase servomotor was selected. The 
closed-loop frequency response was then predicted by 
the graphical method and verified experimentally. 





Digest of paper 58-84, “Obtaining the Frequency Response Characteristics 
of a Nonlinear Servomechanism from an Amplitude- and Frequency-Sen- 
sitive Describing Function,” recommended by the AIEE Feedback Control 
Systems Committee and approved by the AIEE Technical Operations 
Department for presentation at the AIEE Winter General Meeting, New 
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tions and Industry, 1958. 
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Electron Tube Evaluation for 


Guided Missile Applications 


H. G. CHANDLER 


Excitation of a tube resonance for prolonged 

periods has proved a valuable aid in evaluating 

tubes for guided missile applications. Electrical 

and optical examination before and after vibra- 

tion, and changes in the noise output spectrum 
are the basis for this evaluation. 


IBRATION is a specter that has appeared to 

haunt most of us in the field of electronics, and 

one of the areas most susceptible to its effects is 
electron tubes. Reliability and proper operation are 
both affected by its presence. Vibration is not, of course, 
the only cause for electron tube deterioration or mal- 
function. Many effects—humidity, pressure, tempera- 
ture, circuit operating conditions, shock, and others— 
make contributions which are appreciable. Any discus- 
sion which considered all of these environmental factors 
and their interrelation would be quite lengthy. We will 
deal here with only one facet of the vibration problem 
—the selection of a vibration test that will assist in the 
design or evaluation of electron tubes for use in guided 
missiles or other severe vibration environment vehicles. 

Measuring and predicting the vibration environment 
in which an electron tube must live becomes almost as 
difficult as the simultaneous measurement of an elec- 
tron’s position and momentum. Particularly is this true 
in the field of missiles and projectiles, because the en- 
vironment is usually destroyed during the act of measur- 
ing it. 

Attempts have been made to record on tape the vibra- 
tion characteristics of some missiles, and to use this re- 
corded information to drive vibration exciters in the 
laboratory to simulate field operating conditions. It 
must be appreciated that every tube socket in a missile 
will see a unique environment because of its mechanical 
or structural position. Also, each missile must be con- 
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Fig. 1. Typical vibration output spectrum. 
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sidered unique as to the vibration spectra which are 
generated therein. If multiple missile flights were feasi- 
ble, then each flight would necessarily be considered 
unique. 

The use of such recorded information as a general 
test, then, must be considered an arbitrary choice of a 
test environment. The validity of such a choice must 
certainly be the responsibility of those selecting the type 
of test. It is not my purpose to quarrel with the type of 
vibration environment which may be selected as a tool 
to be used in a particular study, but rather to invite 
your attention to the fact that the choice of any en- 
vironment is, at best, an arbitrary compromise. 

EVALUATION TEST 

ON THis BASIS the single-frequency high-acceleration 
test was selected for electromechancial evaluation of 
subminiature receiving type tubes for guided missile 
fuze DOFL (Diamond Ordnance 
Fuze Laboratories of the United States Army). At 
present, the test is constituted as follows: Tube-under- 


applications at 


test element voltages and circuit constants are as speci- 
fied in MIL-E-IC as far as practical. The excitation 
frequency is varied automatically from 100 cycles to 
10,000 cycles per second on a logarithmic scale during 
a sweep period of approximately 2 minutes. Excita 
tion at the tube is maintained constant during the 
sweep at 15 g (acceleration of gravity), and the noise 
component of anode current is recorded as a voltage on 
a db scale. Fig. 1 is a typical record, showing noise out- 
put as a function of the excitation frequency. The 
ordinate scale is 5 db per line, with the 10 millivolts 
(mv) reference level indicated. Resonant peaks are ex- 
plored manually, and the maximum tube output excita- 
tion frequency is determined. The tube is then vibrated 
at this frequency for 30 minutes with a 15-g sinusoidal 
excitation. At the end of this 30-minute period, the 
automatic sweep and manual search are repeated and 
the maximum output frequency again selected for a 30- 
minute vibration period. This procedure is repeated 
until the tube has received three hours of single-fre- 
quency 15-g vibration at its maximum output frequency, 
or until catastrophic failure, whichever occurs first. Our 
previous experience has indicated that three hours is an 
optimum time limit for this type of test. In general, the 
additional information obtained from protracted test- 
ing does not appear to warrant the cost. This is particu- 
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Fig. 2. M-3 and T-3 
type accelerometers. 
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larly true where we are not too much concerned with 
long-time reliability under severe vibration environ- 
ments. 

Deterioration of the tube, or the lack thereof, as in- 
cated by changes in electrical characteristics or output 
noise amplitude materially assists in the comparative 
evaluation of similar tube types. Significant differences 
between manufacturers of a given tube type may also be 
disclosed. 

Differences in the rate of increase of noise with time, 
or in relative noise amplitudes at a given time may 
indicate poor initial element fit or wearing away of the 
micas at points of contact. Progressive deterioration of 
welds or incipient mechanical failure of materials such 
as open cathode tabs or cathode ribbon may also be dis- 
closed by these indications. Workmanship or design 
which leads to early catastrophic failure such as opens 
and short circuits may be quickly detected. Changes in 
electrode spacing, flaking of cathode material and mica 
spacers, and breakdown of heater insulation may re- 
sult in significant changes in electrical characteristics. 

Information obtained by this procedure has also 
proved valuable in uncovering structural weaknesses 
within the tube, as will be discussed later. 

The exciter used in this program was developed at 
DOFL specifically for subminiature tube vibration 
studies. A detailed discussion of this work is given in 
DOFL Technical Report No. TR-102, “A Flat Vibra- 
tion-Generator for Microphonic Investigations,” by 
J. D. Rosenberg. With the proper mechanical damping 
and driving circuitry, the acceleration-frequency curve 
is flat within +20% from 100 to 10,000 cycles at 15 g. 
To insure further the constancy of the excitation to the 
tube, the signal from a Model M-3 barium titanate 
accelerometer, stud-mounted near the tube under test, 
is fed back to an age circuit in the automatic sweep fre- 
quency generator. This permits holding the accelera- 
tion level constant within one or two db, 
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Fig. 2 shows the Model M-3 barium titanate ac- 
celerometer which was developed at DOFL prior to the 
subminiature vibrator development and which aided 
materially in this work. Also shown is a T-3 acceler- 
ometer designed to have the same physical dimensions 
and mass as a subminiature tube and can physically 
replace the tube in the vibrator or in a missile or missile 
fuze being vibrated. The T-3 accelerometer was de- 
veloped at DOFL in conjunction with the vibrator de- 
velopment work. Fig. 3 illustrates the type of vibrator 
used in this work. Note the Model M-3 accelerometer 
mounted on the vibrator head very close to the tube 
under test. 

The proximity of the M-3 accelerometer to the tube 
under test should be noted particularly. Flexures and 
resonances of a body or surface can be the cause of con- 
siderable error when relating a transducer output to 
the actual environment seen by a component under test 
nearby. To be completely honest, we should be using a 
T-3 accelerometer in place of the tube to monitor the 
acceleration level seen by the tube. This being impos- 
sible, we locate an M-3 as close as possible to the tube 
under test. 

The seriousness of this problem and need for caution 
is illustrated by the following experience. During the 
development of a fuze amplifier circuit, the engineers 
attempted to run a 5-g sweep frequency vibration test 
on a prototype unit. When the exciter was adjusted to 
give a 5-g drive measured at the vibrator table and a 
frequency sweep attempted, the tubes failed miserably. 
Substituting a T-3 accelerometer for one of the tubes 
disclosed that the tube socket was actually seeing as 
much as 85 g at some frequencies, because of the me- 
chanical amplification of the amplifier chassis. 


TEST CONSIDERATIONS 


SOME OF THE CONSIDERATIONS which dictated the fre- 
quency and g level limits may well be discussed at this 
point. Although there appears to be little factual in- 
formation on which to base it, the engineering con- 
sensus seems to be that there may well be frequency 
components as high as 10 kc in missile vibration spectra. 


Fig. 3. Subminiature tube vibrator. 
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Fig. 4. Tube tailure vs vibration time. 


The practical difficulties inherent in the design of 
vibration equipment that will operate satisfactorily at 
these frequencies are well known, and I can assure you 
that many a grey hair was attributed to this develop- 
ment work at our laboratories. The lower frequency 
limit of 100 cycles is arbitrarily selected to minimize 
line frequency pick-up, and because vibration ampli- 
tude becomes excessive at lower frequencies. 

The 15-g drive level is nearing the upper limit of the 
power capabilities of the present exciter and the asso- 
ciated power supplies. This is not thought to be a 
serious limitation however, in this type of test. Addi- 
tional power at single frequencies is not believed neces- 
sary at this time. As more complete information on 
missile environments is obtained, modifications to these 
limits may become necessary. 

That the type test just outlined is extremely rugged 
treatment is not denied. It is justified, however, because 
it is intended as an evaluation tool, and not as a quality 
control test. It also has considerable merit as an aid in 
tube development, in disclosing mechanical weakness 
that might go undetected under a white noise or low- 
frequency low-g test. 

USEFULNESS OF TEST 

A TYPICAL EXAMPLE of how this type of test is useful 
in uncovering structural weaknesses in a tube type fol- 
lows: The G.M. Fuze Tube Group at DOFL has, for 
some time, conducted a “Defective Tube Analysis” pro- 
gram for tubes that have failed during missile fuze de- 
velopment. These tubes are returned to the tube group 
accompanied by as much information as is available 
concerning operating conditions, circuit application, 
etc. Over a period of time, one of the predominant 
causes of failure was open heaters and most of these 
had failed during mechanical environmental testing. It 
was decided, therefore, to attempt to obtain informa- 
tion correlating heater failure with vibration conditions. 

Two similar subminiature pentodes were selected for 
this study. Except for a 150 ma helix wound heater in 
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type A, and a 200 ma folded heater in type B, these 
tubes had very similar characteristics. 

All tubes used for the study were given a visual in- 
spection and an electrical check before vibration, and 
only tubes passing M/L-E-/B specifications were used. 
Three 20 tube lots of type A were vibrated for 25 hours, 
or until failure, at 5, 10, and 20 g. The frequency of 
vibration was that between 100 and 1,000 cycles at 
which noise obtained. This 
varied from tube to tube, but was generally between 
700 and 900 cycles. The heater failure rate for type 4 
tubes is shown in Fig. 4. Of the type B tubes, 20 were 
vibrated under the same conditions at 20 g. There were 
no type B heater failures in 25 


maximum output was 


hours, so further tests 
were not considered necessary. 

Visual examination revealed that each tube which 
failed had micas whose bumper points were not rigidly 
pressed against the glass envelope. With sustained vibra- 
tion, the loosely pressed mica bumpers were pulverized, 
allowing greater movement of the tube mount. Any 
loosely held element could then be more vigorously ex- 
cited by receiving more energy from shock excitation 
between element and mica. Visual inspection clearly 
revealed a better mica-to-element fit and a more rigidly 
held tube mount in the type 8 than in type A tubes. 
The results of this work clearly indicated a weakness 
in tube type A which seriously affected reliability of 
operation. 

This example of single frequency high-g vibration 
illustrates quite well the value of this type of test when 
properly used. It does subject the tube to very rough 
treatment, and for this reason may add something to 
our safety factor. It is a destructive test and could not, 
therefore, be considered adaptable in its present form 
to production line applications, even excluding the very 
considerable time required per test. Modifications, based 
on engineering experience, can extend its utility as a 
tool to be used in the design or evaluation of electron 
tubes for severe vibration environment applications. 





Battery Vest 


Development of a battery vest, utilizing human body 
heat to keep dry cells warm and active for radio 
operators in extremely cold weather has been under- 
going rigorous field tests in Alaska. 

The idea, developed by the United States Army 
Signal Research and Development Laboratory is to 
place dry cell batteries in a vestlike garment worn 
beneath parkas to capture body heat. 

Thus, batteries developed for low-temperature use 
are expected to stay in service ten times longer in 40- 
degree-below-zero weather. Test models were built by 
Burgess Battery Co., Freeport, Long Island, New York. 
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The 115-Kv, 1 Million Kva Gas-Filled Breaker 


E. B. HENRY 
MEMBER AIEE 


115-KV CIRCUIT BREAKER of moderate inter- 
A rupting capacity designed to meet some special and 
definite applications has long been deemed desirable 
on the transmission system of the Gulf Power Com- 
pany. Consequently, when the gas-filled (sulfur-hexa- 
fluoride) Type 1150-SF-1000 power circuit breaker rated 
for 115-kv, 1 million kva service became available, this 
utility company agreed to purchase three in order to 
obtain service experience and to permit staged field 
tests for comparison with test results obtained in the 
High Power Laboratory. 

The 1150-SF-1000 circuit breaker (Fig. 1) consists of 
three porcelain-clad pole units mounted vertically on a 
supporting frame to give sufficient height to meet the 
Safety Code clearance requirement. Each pole unit is 
composed of two porcelain assemblies that are bolted 
together. The upper assembly contains the interrupter 
unit comprised of six simultaneous breaks which are 
formed horizontally. The lower assembly provides volt- 
age insulation to ground. Each of these pole units con- 
tains sulfur-hexafluoride gas at 45 pounds per square 
inch gauge (psig) pressure. 

The first staged field tests on this type breaker con- 
sisted of 30, three-phase line-dropping tests on a 50-mile 
length of line. The charging current was approximately 
16 amperes and the system voltage 109 kv. The second 
line-dropping series consisted of a group of 30, three- 
phase tests on a 27-mile length of line. The charging 
current of this length of line was 7 amperes and the 
system voltage was again 109 kv. 

From the oscillograms obtained during the line- 
dropping tests, it was found that the breaker was com- 
pletely restrike free in its performance in both series of 
line-dropping operations. Considering each three-phase 
operation equivalent to three single-phase tests, only 
16% of the opening operations on the long line (16 
amperes) involved harmless re-ignitions with pauses in 
the current less than 4 cycle duration. The other 84% 
was completely void of any buildups. Likewise, on the 
short length of line (7 amperes) only 9% of the opera- 
tions involved re-ignitions. The interrupting times on 
these tests did not exceed 2.35 cycles and many were 
as short as 1.80 cycles on both lengths of line. 

The fault test program consisted of three 3-phase 
bolted faults. The system voltage just prior to these 
tests was 109 kv and the predicted current was approxi- 
mately 2,500 amperes or 470,000 kva. 
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Henry, Friedrich, Reese—Gas-Filled Breaker 


F. L. REESE 
ASSOCIATE MEMBER AIEE 


Fig. 1 (right). View 
of SF, test circuit 
breaker at South 
Crestview substation. 


Fig. 2 (below). Mag- 
netic oscillogram of 
the fault test. The 
system voltage just 
prior to this test was 
109 kv. (Timing lines 
on the 

are 100 
second.) 


escillogram 
lines per 





On the oscillogram obtained on one of the fault tests, 
Fig. 2, the interrupted currents measured on the three 
phases were respectively, 2,340, 2,440, and 2,240 amperes. 
The corresponding interrupting times were 2.7, 2.5, and 
2.7 cycles. During these fault tests there was no breaker 
demonstration, as was to be expected, because of the 
use of a gas medium. 

The excellent condition of the contacts, following 
the aforementioned tests and the several months of 
service which included two automatic fault clearing op- 
erations, was such as to require no maintenance. The 
record of no appreciable loss in gas pressure in over a 
year’s time since initial installation of the first of three 
breakers on this system indicated the feasibility of de- 
signing such a breaker with gasket seals. The ease of 
inspection and maintenance of the contacts was demon- 
strated by the short time required to open up the pole 
unit, remove the contacts, examine and replace them, 
and reseal the pole unit. 

The over-all performance demonstrated by the 
1150-SF-1000 breakers on the Gulf Power System con- 
firmed all expectations based upon results obtained 
during development in the High Power Laboratory. 
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Delete John Wood! 


R. A. CHIPMAN 


An attempt to clear out some dead ‘“‘Wood”"’ from 
the early history of electrical conduction placed 
there by a spare-time historian. 


HE HISTORY of the discovery of electrical con- 

duction contains one highly disconcerting entry, 

which a modern reader is perhaps most likely to 
encounter in the following version: 

“A.D. 1726—Wood (John), an English architect of 
considerable repute, is said to have shown that the 
electric fluid could be conveyed through wires a long 
distance, and, during the year 1747, one of the earliest 
applications of Wood’s discovery was made by Dr. 
William Watson (see A.D. 1745), who extended his 
experiments over a space of four miles, comprising a 
circuit of two miles of wire and an equal distance 
of ground. References: 


Alexander Jones, “Sketch of the Electric Tele- 
graph,” New York, 1852, p. 7; Charles F. Briggs, 
“Story of the Telegraph,” 1858, p. 18. . 


This paragraph, the only item listed for the year 
1726, is from pages 158 and 159 of the painstaking and 
thorough “Bibliographical History of Electricity and 
Magnetism” by P. F. Mottelay, published in London 
in 1922. 

No one before or since Mottelay has been as diligent 
in the encyclopedic accumulation of details of electrical 
history, and his book is a bibliographical treasurehouse. 
On the whole, however, Mottelay was not highly criti- 
cal of his sources, and on specific topics one must be 
very cautious about his authority. 

Taken by itself, his mention of John Wood under 
date 1726, coupled with the mention of William Wat- 
son’s work, would imply that Mottelay regarded these 
as the important revelations on electrical conduction 
up to 1745. Yet, only five pages previously, he had de- 
voted a long section to the work of Stephen Gray, with 
full discussion of Gray’s achievement in 1729 of trans- 
mitting the electrical attraction effect over lines of 
“packthread” several hundred feet long. Under date 
1731, he mentions an evening at the Royal Society 
when several experiments were performed, including 
some “On the electrical observations of Mr. Stephen 
Grey,” which “showed the facility with which electricity 
passes through great lengths of conductors and are 
worth noting as being the first of their nature.” Later, 
under date 1742, several pages before his main entry on 
William Watson, he quotes Priestley’s description of 
Andreas Gordon’s transmission of electricity over 250 
yards of iron wire. 
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Thus, on at least three counts, Mottelay’s “John 
Wood” entry is in disagreement with other well-sub- 
stantiated parts of his text. In the light of his constant 
concern about priorities, the paragraph’s off-hand con- 
cession of the discovery of electrical conduction to a 
John Wood who is otherwise unknown to the world of 
science is particularly incredible. 


MOTTELAY’S SOURCES 


TURNING TO THE REFERENCES Mottelay offers for his 
information we find the following: 


1. Alexander Jones, “Historical Sketch of the Electric 
Telegraph,” New York, 1852, on pages 7 and 8: 

“1726—Wood, of England, discovered that the electric 
fluid could be conveyed a long distance, by conducting 
wires. 

“1746—Winkler, of Leipsic, discharged a Leyden jar 
by a friction machine, through a wire of considerable 
length; and on that occasion the River Pleis formed 
part of his circuit. (Priestly’s History of Electricity, p. 
59.) 

“1747—Dr. Watson, of England, extended the experi- 
ments. ... (Philosophical Transactions vol. xiv., 1748).” 
2. Charles F. Briggs and Augustus Maverick, “The 
Story of the Telegraph, and a History of the Great 
Atlantic Cable,” New York, 1858, on page 18: 

“In the year 1726 John Wood, of England, discov- 

ered that electricity could be conveyed a long dis- 

tance by conducting wires, and in 1747 one of the 
earliest applications of the discovery was made by 

Doctor Watson, who extended his experiments over 

a space of four miles, comprising a circuit of two 

miles of wire and an equal distance of ground.” 


It seems obvious that Mottelay copied his statement, 
with only slight modification, from Briggs and Mav- 
erick. This, in fact, accounts very nicely for his juxta- 
posing Wood and Watson, which his other material 
would not lead him to do. 

Briggs and Maverick do not specifically attribute 
their account of Wood to Alexander Jones, but only 
a few lines after the above quotation they vouch for 
some information on another topic as being “according 
to Jones’ Book of the Telegraph,” and we may there- 
fore be reasonably satisfied that they had no other 
authority on John Wood, 

How did Briggs and Maverick get from the simple 
“Wood” of Jones to “John Wood,” and on what basis 
did Mottelay further add “an English architect of con- 
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siderable repute?” One can only assume that each, in 
turn, consulted biographical collections and picked out 
the most likely candidate. 


THE REAL JOHN WOOD 


IT HAPPENS THERE WAS INDEED a John Wood in the 
right place at the right time, and one fully deserving 
of Mottelay’s words of praise. He is described at length 
in the recent “Biographical Dictionary of English Archi- 
tects 1660-1840,” by H. M. Colvin, Harvard University 
Press, 1954. His birth date is thought to have been 
about 1704, and he died in 1754. Colvin says “John 
Wood's early life is obscure but there is evidence that 
he was living in London in 1725-27.” In the latter 
year, he certainly moved to Bath where he very quickly 
became one of the best-known architects of his time, 
chiefly because of his comprehensive planning for that 
city. Unfortunately, there is no mention that this John 
Wood ever had any connection with matters scientific, 
whether electrical or otherwise, and because he was only 
22 years of age in 1726 and unquestionably exceedingly 
busy furthering his career as an architect, it seems most 
unlikely that he would have been experimenting with 
electricity at a time when no one else (except Stephen 
Gray) is known to have been doing so. 

Finally then, we are driven back to Alexander Jones 
as apparently the sole source of the rumor that “Wood” 
discovered electrical conduction. What weight can we 
give to the evidence of this American far removed in 
time and space from the England of 1726? 

Jones’ sentence on “Wood” is the first of a sequence 
of several dozen very brief chronological items. It is 
significant that all of the early items in this list are 
fully documented, with the single exception of “Wood.” 


This whole chapter of Jones’ book is studded with the 
names of innumerable periodicals of the 18th and 19th 
Centuries, but this is not to say that Jones must be re- 
garded as a rock of reliability. He confesses in his pref- 
ace: “We have had to write our work at leisure 
moments, snatched from other daily occupation, and 
chiefly during evenings, or at night. We therefore have 
to crave the indulgence of the reader for such errors 
as may here and there present themselves.” 

Jones was aware of the conduction experiments of 
Gray and Wheeler, and mentions them on the first page 
of his book. Although he was able to quote volume 
number and year (incorrectly) for the description of 
William Watson’s work in the Philosophical Transac- 
tions of the Royal Society, he could not do the same for 
Gray, having learned of the latter from a “Life of 
Franklin” by Stuber. Jones, in fact, does not sound 
really authoritative about telegraph history until he 
begins dealing with events that occurred during his 
own lifetime, and has in front of him the printed evi- 
dence and decisions of the numerous lawsuits that 
marked the pioneer days of the telegraph industry. It 
appears quite certain that he never personally checked 
any of his 18th Century references. 

Where then did “Wood” come from? Unless some 
better evidence for his existence can be discovered, it 
is a reasonable surmise that he is a faulty recollection 
of the name “Gray,” by a spare-time historian who 
didn’t always remember from one “snatch” to the next 
what he had written on previous occasions, and who, 
for these early periods at least, did not care enough to 
check. 

Let us give this dead “Wood” in the history of 
electrical conduction a decent burial, unless someone 
can breathe some real life into him. 





Nation’s Largest Freight Car 


The largest freight car in the United States, carrying 
a 403,500-pound boiler drum more than 78 feet long, 
stands in the yard of The Babcock & Wilcox Company's 
(B&W) Barberton Works before starting a 780-mile 
journey to Tennessee. The drum will be a part of 
one of three boilers BkW is furnishing for the Thomas 
H. Allen Electric Generating Station in Memphis. 

Property of the Pennsylvania Railroad, the depressed 
flatcar is 121 feet, 9 inches long, weighs 500,400 pounds 
and has a load limit of 503,600 pounds. Maximum 
speed of the car and cargo was limited to 30 miles per 
hour during the movement, while an empty car, or 
“idler,” was placed at each end of the flatcar to avoid 
weight concentration. The shipment had an over-all 
height of 18 feet, 9 inches above the rails, an inch less 
than the route’s maximum height clearance. 
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Instrumentation for a 


Boiling Water Reactor 


LESTER KORNBLITH, JR. 
ASSOCIATE MEMBER AIRE 


A description is given of the instrumentation for 
the Vallecitos Boiling Water Reactor, a small- 
scale power reactor supplying steam to a turbine 
operated by the Pacific Gas & Electric Company 
as part of their generating facilities. An attempt 
has been made in the design of the plant to 
keep the instrumentation as simple as possible. 


HE INSTRUMENTATION for the Vallecitos 

Boiling Water Reactor (VBWR) was designed 

by the General Electric Company (GE) to provide 
as simple and inexpensive a system as was compatible 
with safety and with the operational requirements. 
Since the reactor is intended for use both as a develop- 
mental reactor and as an electric power producing 
plant, the instrumentation necessarily includes some 
features which would not normally be found in an in- 
stallation designed exclusively for the production of 
power. Conversely, the fact that the plant is develop- 
mental and is not required to produce electricity con- 
tinuously allows the designer to dispense with some of 
the equipment often found in plants designed primarily 
for continuity of operation. The design described, 
which resulted from these considerations, appears to 
meet the requirements. 


REACTOR PLANT 


THe VBWR is an enriched uranium, light water- 
cooled and water-moderated boiling reactor. It is en- 
closed in a 7-foot diameter pressure vessel suitable for 
operation at 1,000 pounds per square inch. A turbine- 
generator plant has been provided by Pacific Gas & 
Electric Company (PG&E) to utilize whatever steam 
might be available. The reactor is licensed for a normal 
output of $0,000 thermal or 5,000 electric kilowatts 
and the turbine plant is sized on this basis. The reactor, 
however, is capable of substantially higher output. It 
is planned to run the reactor for short periods of time 
at considerably higher power by dumping steam into 
the condenser or by dissipating heat in a steam gener- 
ator which is provided for simulated dual-cycle opera- 
tion. All instrumentation, relief valves, and safety de- 
vices are designed to handle operating levels as high as 
60,000 thermal kilowatts, although it is unlikely that 
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the present core will produce this much power without 
an increase in size. 

Four modes of operation are provided for the re- 
actor. The simplest of these is the single-cycle natural- 
circulation mode in which water circulates internally, 
rising through the core and returning through the an- 
nular space between the core and pressure vessel to the 
bottom of the reactor. Steam produced is taken from 
the top of the vessel, reduced to the rated throttle pres- 
sure and fed to the turbine. Exhaust steam from the 
turbine is condensed, deaerated, and returned to the re- 
actor. 

A second mode of operation is the single-cycle forced- 
circulation mode, in which the space around the re- 
actor is closed off by baffles and water is withdrawn 
above the core, circulated through an external pump- 
ing loop, and returned to the bottom of the reactor. By 
controlling the circulation rate through the external 
loop and, thus, through the core, it is possible to control 
the rate of power production. 

The third mode is the dual-cycle forced-circulation 
mode. This is similar in layout to the single-cycle 
forced-circulation mode, except that the external loop 
contains a secondary steam generator. Steam is produced 
in this generator at a pressure somewhat below the re- 
actor pressure and is normally fed into the turbine in 
one of the lower pressure stages. In this plant, however, 
the dual cycle is only simulated, in order to simplify 
the design and allow use of an available turbine. This 
simulation is provided by generating the secondary 
steam at atmospheric pressure and exhausting it to a 
stack. Although this simulation is not economical of 
power, it will allow the investigation of the properties 
of dual-cycle operation. This has never been done be- 
fore. The dual cycle is intended to increase the power 
capability of a given reactor core by allowing the ex- 
traction of more heat, in the form of hot water, without 
increasing the steam void fraction and also by lowering 
the temperature of water entering the core, which in- 
creases reactivity and improves heat transfer. Changes 
in the amount of heat extracted in the secondary loop 
automatically adjust the reactivity and power output of 
the reactor by changing the inlet temperature. 

Dual-cycle natural circulation is similar to the mode 
just described except that the baffles around the core 
are opened to allow natural circulation of water 
through the core as well as the forced circulation 
through the external loop. 

In addition to the basic plant described previously, 
the installation includes a clean-up loop, which with- 
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draws water from the lower part of the reactor vessel, 
purifies it, and restores it to the reactor. An emergency 
heat exchanger which automatically removes shutdown 
heat in the event of overpressure in the reactor after 
shutdown is also provided. This exchanger is gravity 
fed and is independent of all external power sources. 
The conventional turbine plant auxiliaries also are in- 
cluded in the installation. 

The fuel elements consist of assemblies of plates 
composed of a core of stainless steel powder mixed with 
uranium dioxide clad in stainless steel. The “meat” 
thickness is 0.015 inch and the cladding thickness is 
0.005 inch. The uranium is fully enriched and is mixed 
with the stainless steel powder in several ratios ranging 
from 20 to 30 per cent UO,. The plates are assembled 
into elements by attaching them to suitable side plates 
and affixing locating tips, chimneys, and handles. 
Either nine or six fuel plates are used in’each element. 
Thus, a variety of fuel elements are available, having a 
U-235 content ranging from about 180 grams to 270 
grams. 

The elements fit into an egg-crate type grid which 
is suspended by long bolts from a ring located in the 
upper part of the pressure vessel. A hinged upper grid 
holds the elements down and locates the tops. Spaces 
are left between certain rows of fuel elements to allow 
the insertion of control rods. The seven rods are thin 
plates consisting of boron carbide clad in stainless steel. 
They are operated by electropneumatic drives located 
above the reactor vessel. The drives each consist of a 
double-ended air cylinder that normally pushes the con- 
trol rod shaft up against a motor-driven stop which 
regulates control rod position. To scram the reactor, air 
is exhausted from the lower part of the cylinder and 
high-pressure air is applied to the upper part of the 
cylinder. The motor-driven stop automatically follows 
the rod down. 


NUCLEAR INSTRUMENTATION 


TWO START-UP CHANNELS are provided, each consisting 
of a boron proportional counter, a preamplifier, a linear 
amplifier with pulse-height discrimination, and a loga- 
rithmic counting-rate meter. In addition, a scaler and 
a recorder which can be individually connected to 
either channel are provided. The two counters are so 
located that one is in a neutron flux about 10 times 
higher than the other. No means is provided for mov- 
ing the counters remotely, but high voltage is removed 
when the flux is above the counter range. 

Four ionization chamber channels are used. These 
channels employ identical enriched-boron-lined gamma- 
compensated ion chambers having a sensitivity of 
approximately 3 & 10-™ amperes per nv. The gamma 
compensation is 98 per cent or better and the chambers 
are designed for high-temperature operation. These 
chambers, as well as the proportional counters, are lo- 
cated in sleeves through the shielding around the re- 
actor. These sleeves terminate about 6 inches outside 
the reactor vessel. Inside the vessel, between the cham- 
bers and the core, a stainless steel clad aluminum cylin- 
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der 12 inches in diameter and 18 inches long is in- 
stalled to provide a path for the neutrons, as free as 
possible from the varying attenuation which would 
occur in a water path as the result of variations in 
density of the water as a function of temperature. In a 
long water path, this variation may be substantial and 
may lead to highly misleading interpretations of instru- 
ment readings. 

One of the ion chambers is connected to one channel 
of a 2-channel safety amplifier. High-speed trip circuits 
in this amplifier scram the reactor at 125 per-cent 
power. The amplifier is equipped with a meter reading 
per-cent power. This quantity is also recorded on a 
strip-chart recorder. 

A second ion chamber is connected to a mirror gal- 
vanometer and then to the second channel of the safety 
amplifier. This channel has a series relay set to scram 
the reactor at 130 per cent of full power. 

The third ion chamber feeds a log n and period am- 
plifier. Both log n and period outputs appear on the 
meters in the amplifier and on recorders and, in addi- 
tion, a repeater for the period meter is provided imme- 
diately in front of the reactor operator. Two additional 
meters with “contactless control initiators’ are pro- 
vided in the log n output. One of these is an adjustable 
initiator which is used as a neutron level trip and the 
other has dual contacts, one being used after the power 
is in the period meter range to bypass a relay which 
requires a minimum counting rate, and the second be- 
ing used to bypass the period meter after boiling starts. 
The period meter is useless in this range because of the 
small but rapid variations in flux which occur as a re- 
sult of bubble formation. 

The fourth ion chamber is used to measure neutron 
level with a multirange micromicroammeter. This 
meter has full scale ranges of 10-'* to 10-° amperes and 
covers the entire range of operating fluxes. It is also pro- 
vided with a high-speed trip. A strip-chart recorder with 
a fast chart speed and I-second response is connected 
to this instrument in order to observe the effects of boil- 
ing on the reactor output. 

Two regulated power supplies are paralleled through 
a diode mixer to provide high voltage for all of the ion 
chambers. Provision is made in the mixer to switch the 
chamber feeding the galvanometer automatically to a 
battery supply in case of power failure. 

The trip circuits from the log n amplifier, the period 
output, and the micromicroammeter are all connected 
into the high-speed circuit of the safety amplifier. A 
secondary trip in the safety amplifier is achieved by 
removing a-c power from the output stage. The second- 
ary circuit is used as a lower speed scram circuit ac- 
tuated, among other sources, by the galvanometer relay, 
low reactor water level, low condenser vacuum, seismo- 
logical disturbance, high steam flow, and high readings 
on the area radiation monitoring systems. Many of these 
disturbances also act automatically to close fast-operat- 
ing valves which isolate the reactor and its enclosure 
from the surrounding environment. 

The area monitoring system consists of a 5-station 
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system with ion chambers located in the reactor en- 
closure, next to the main steam line, in the stack, and 
next to two of the demineralizer units. A multipoint re- 
corder is provided to record these outputs and is 
equipped with alarm switches. 


STEAM PLANT INSTRUMENTATION 


THE NON-NUCLEAR PORTIONS of the instrumentation 
follow, for the most part, conventional practices. The 
reactor water level is controlled by a standard 3-element 
system which measures level and steam and feedwater 
flow, and derives from these measurements a suitable 
signal to operate a pneumatic feedwater valve. The 
three measured parameters are displayed on circular 
chart recorders. Appropriate compensation is made for 
reactor pressure. The scale on the steam flow recorder 
is calibrated for demonstration purposes in equivalent 
electrical megawatts. 

Two additional recorders are provided on the pri- 
mary steam system. A reactor steam pressure recorder 
is installed and is equipped with switches to operate a 
high-pressure alarm and to operate the emergency 
cooler system. Back-up switches on separate pressure- 
measuring elements are also provided for these func- 
tions. Inasmuch as steam flowing from the reactor may 
be sent either into the turbine or into the condenser, or 
both, a separate system is used to measure and record 
the steam flow to the turbine throttle. 

The instruments used for turbine and generator 
control were laid out by The Pacific Gas & Electric 
Company to conform to their standard practices. Quan- 
tities measured include pressure after throttle valve, 
turbine exhaust temperature, generator currents, volt- 
ages, power and reactive power, condenser vacuum, 
field and stator temperatures, frequency, turbine speed, 
and excitation voltage and current. The usual syn- 
chronizing equipment is provided. 

A resistance thermometer is provided to measure 
condensate temperature. It is equipped with a “con- 
tactless control initiator” to operate a high-temperature 
alarm to protect the demineralizer resins. 

Additional local instruments, including many tem- 
perature-, pressure-, and flow-measuring devices, are 
installed in the reactor and turbine buildings. A closed- 
circuit television system allows those instruments in the 
reactor enclosure to be read from the control room. 

The operation of the secondary coolant system is mon- 
itored by four additional circular-chart recorders. As 
stated previously, circulation in this loop may be 
through a secondary steam generator, through a bypass 
around the steam generator, or through a combination 
of these paths as selected by remote-controlled motor- 
operated valves. Two flow recorders are used, one 
measuring the flow through the steam generator and one 
measuring the total flow through the loop. A third 
recorder measures the temperature differential across 
the loop. A fourth recorder computes and records the 
product of temperature differential and total flow. 
This recorder, again, is calibrated in equivalent elec- 
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trical output. An automatic level control system is also 
provided for this steam generator. 

A large number of annunciators are installed across 
the top of the control console and are used to indicate 
to the operator malfunctions or dangerous conditions 
in either the reactor or turbine sections of the plant. 


OPERATING EXPERIENCE 


‘THE OPERATING EXPERIENCE on the plant to date has 
indicated that the equipment provided is adequate 
and, in general, is very satisfactory. Some of it is super- 
fluous if a plant is designed solely for routine power 
production. A useful refinement which is now under 
construction is a graphic display panel showing valve 
positions and pump conditions. This board will give 
these indications automatically where suitable limit 
switches are available, and will have provision for the 
operator to set up the proper lights where it cannot be 
done automatically. Consideration should be given in 
the design of future plants to the installation of sens- 
ing elements in such a manner as to facilitate mainte- 
nance while the plant is in operation. 

Experience at Vallecitos, in general, shows that steam 
and electrical instrumentation can very nearly follow 
standard power plant practices, and reactor instru- 
mentation can be much simpler than that proposed for 
some installations. It need not, in fact, be much more 
complex than the instrumentation of an equivalent 
fossil fuel fired plant. 


Inert Gas Fusion Welder 


Built to the specifications of Boeing Airplane Company, this large 
Weltronic tungsten inert gas fusion welder is being used to join diffi- 
cult-to-weld alloys of titanium, stainless steel, aluminum, and mag- 
nesium. The machine is fully aut tic and capable of a high degree 
of sequential programming. Arc current, carriage speed, and wire feed 
are controlled electronically within very close limits by the console, 
lecated here behind the radial arm. Either wire or consumable elec- 
trodes may be used, and the inert gas may be either helium or argon. 
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Mechanism for Nontracking Organic Insulations 


R. S. NORMAN 
ASSOCIATE MEMBER AIEE 


OST ORGANIC INSULATIONS are not suitable 

for high voltage applications in contaminated 
atmospheres. Under surface arcing conditions, the or- 
ganic constituents of the insulation decompose to form 
carbonaceous paths and the apparatus will fail by pro- 
gressive creepage tracking. This article describes a 
proposed internal oxidation mechanism to eliminate 
formation of carbonized tracks upon exposure to sur- 
face electrical arcs. 

It has been found that hydrated alumina compounded 
with organic materials in specific quantities is wholly 
effective in preventing carbonization under all test con- 
ditions. The proposed mechanism is as follows: 

The high are temperatures resulting from the elec- 
trical discharges rupture the long chain, high molecular 
weight hydrocarbons. Simultaneously, they act on the 
hydrated alumina filler, releasing its water of hydra- 
tion as shown in equation I. 

Heat 
AlsO3* 3H:O —— Al,O; + 3H.O (1) 
In the presence of aluminum oxide and heat, the hydro- 
carbon fragments react with the water to form hydro- 
gen, carbon monoxide, and volatile hydrocarbons leav- 
ing no carbonaceous residue as shown in equation 2. 


Heat 
— (CH)t + Hef + COF (2) 
AlsO; 


CrHm + HO 


The most conclusive experimental evidence for the 
oxidation reaction has been obtained by embedding 
two electrodes in a block sample and testing to dielec- 
tric failure. Depending on the susceptibility of the in- 
sulation to carbonization, either a carbonized path or a 
nonconductive gas pocket is observed between the elec- 
trodes. The interior of the sample is completely sealed 
from the oxygen and moisture of the atmosphere so 
that all reactants for the conversion of the organic com- 
ponents must come from the material itself. 

Conventional materials upon exposure to this test no 
longer hold voltage, and microscopic examinations show 
a spongy carbonaceous track between the electrodes. 
However, Butyl rubber samples with high loadings of 
hydrated alumina produce a gas pocket between the 
electrodes upon exposure to high voltage. Mass spec- 
trometer analyses of the gases removed from the 
pocket between the electrodes confirm the internal oxi- 
dation reaction. 

The creep-track resistance obtained by increasing ad- 
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A. A. KESSEL 


ditions of hydrated alumina in Butyl rubber, epoxide, 
and polyester resins using the GE Measurements Lab- 
oratory dust-fog test is shown in Fig. 1. Tracking re- 
sistance on this test could be obtained with 30 to 40% 
by weight of hydrated alumina, However, it was nec- 
essary to load the materials with about 50% hydrated 
alumina to give optimum protection against formation 
of carbonaceous deposits on the Measurements Labora- 
tory salt-fog test. On the molded electrode test, it was 
found that above 60% hydrated alumina no carboniza- 
tion was noted on any of the Butyl rubber samples and 
a gas pocket was consistently formed between the 
electrodes. 

Both hydrated and unhydrated materials were evalu- 
ated in Butyl rubber. The materials containing larger 
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Fig. 1. Per time to failure on 


dust-fog test. 


cent hydrated alumina vs 


percentages of water appeared to be significantly more 
creep-track resistant than the unhydrated materials. 
However, the material critically filled with hydrated 
alumina was the only insulation to show no signs of 
carbonization in the salt-fog test and the molded elec- 
trode test. 

In summary, an internal oxidation mechanism to 
eliminate the formation of conducting carbon paths in 
organic insulation exposed to electrical arcs has been 
described. Mass spectrometer data on analysis of gases 
formed during electrical arcing provides evidence for 
this explanation. 

For optimum effectiveness in preventing creep-track- 
ing, it has been found that the additive should contain 
sufficient water of hydration as well as catalyst to pre- 
vent the formation of free carbon. Hydrated alumina in 
specific quantities has been found effective under all 
test conditions, 
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Determination of 


Optimum Transmission Voltage 


R. D. CAMBURN 
MEMBER AIEE 


Many utilities, faced with the problems of ex- 
pansion, have initiated long-range studies to 
evaluate the possibilities of using extrahigh 
transmission voltages, such as 345 kv. In this 
erticle, 345-kv systems are compared with the 
more commonly used 138-kv systems on the 
basis of right-of-way requirements, reliability 
of operation, and cost. 


VER THE PAST SIX YEARS there has been a 
rapidly growing interest in the use of extrahigh 
particularly 345 kv. At 
tracted by the possibilities of lower transmission costs 


transmission voltages, 


and reduction in right-of-way requirements, an increas- 
ing number of utilities have initiated long-range studies 
to evaluate the 


advantages of this voltage for future 


system expansion. It is the purpose of this article to 
outline the factors to be considered in such a study and, 
where generalization is possible, to indicate the results 
which might be expected in certain situations. 

For clarity, this discussion will be confined to com- 
parison of 345-kv and 138-kv transmission voltages. Con- 
tinued expansion at 138 kv versus departure to 345 kv 
are alternatives often encountered in this country where 
extensive 138-kv class systems already exist. The factors 
discussed here are not, however, unique to comparison 
of these two voltages. Whenever any higher transmission 
voltage than that in present use is contemplated, a very 
similar analysis is required. 

A comparison of two or more transmission voltages to 
determine the optimum for a purpose at hand involves 
evaluation of three factors: 


1. Comparative right-of-way requirements from the 
standpoints of land usage and availability. 

2. Comparative reliability of operation. 

3. Comparative costs. 

These evaluations will be in terms of consumer and 


public relationships as well as dollar expenditures, and 
on this basis the best voltage is selected. 


RIGHT-OF-WAY REQUIREMENTS 


THE RIGHT-OF-WAY REQUIREMENTS for 345-kv and 138- 
kv transmission are a function of the number of circuits 
needed and the space occupied per circuit in each case. 





Full text of a conference paper presented at the AIEE Great Lakes 
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R. L. STAFFORD 
ASSOCIATE MEMBER AIEE 


The number of circuits needed is, in turn, inversely 
proportional to the maximum permissible loading per 
circuit at each voltage. 

limit the maximum 


circuit at any given transmis- 


factors which 
permissible loading per 


There are three 


sion voltage. These are (1) thermal capacity of conduc- 
tors, (2) voltage regulation, and (3) transient stability. 

Considering the conductor thermal capacity limita- 
tion, the inherent advantage of the higher voltage is 
indicated by ratio to the voltage, or 
345 + 138 — 2.5. In other words, if thermal capacity 
the 


as many 


its direct lower 


dominant limitation, 
138-kv 


quired to carry the same kva as a given number of 345- 


of conductors is 
mately 214 


approxi- 
times circuits will be re- 
kv circuits. This assumes that conductors of equal cur- 
rent-carrying capacity can be used with either voltage, 
which appears to be an entirely practical assumption. 
Large diameter or bundled conductors are required 
with 345 kv for other reasons than load-carrying ability, 
but if needed for right-of-way conservation, equivalent 
conductors may be used with 138 kv. 

The voltage regulation limitation is basically a func- 
tion of impedance. Inasmuch as effective transmission 
line impedance is inversely proportional to the voltage 
ratio squared, it follows that (345 + 138)? or 6.25 times 
as many 138-kv circuits will be required to carry the 
same kva as a given number of 345-kv circuits for the 
same voltage regulation. 

It is difficult to draw a similar comparison for the 
transient stability limitation, because it is dependent 
upon many factors extraneous to the question of trans- 
mission voltage. Switching and relaying arrangements 
are often more critical for stability than circuit im- 
pedance for transmission distances of 50 miles or less. 
For longer distances, transient stability is more directly 
related to impedance than any other function of the 
transmission voltage. Therefore, it appears sufficiently 
correct, for this discussion, to state that the ratio of 
138-kv to 345-kv circuits approaches 6.25 to | for com- 
parable stability. This is only a rough generalization; 
a detailed study of the application is necessary for an 
accurate evaluation of transient stability. 

Where permission for property use in involved, the 
landowner is often more concerned with the number of 
structures to be placed on his land than the right-of- 
way width required. In such cases, comparative right- 
of-way requirements for 138 kv and 345 kv may be re- 
garded as the ratio of the number of circuits needed, 
i.e., between 2.5 and 6.25 to 1, This assumes the same 
number of circuits per tower at each voltage. 
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Where outright acquisition of property is involved, 
the per-circuit difference in right-of-way width becomes 
significant. It will usually be found that each 345-kv 
circuit requires approximately twice the right-of-way 
width occupied by a 138-kv circuit, again assuming an 
equal number of circuits per tower at each voltage. It, 
therefore, may be concluded that from a long-range 
viewpoint 138-kv transmission voltage will require be- 
tween 1.25 and 3.0 times as much right-of-way area or 
width as 345 kv to transmit equal kva. 

The applicable ratio in each case depends on which 
factor determines the maximum permissible loading 
per circuit—thermal capacity, voltage regulation, or 
transient stability. A study of the proposed application 
will generally reveal which limitation is dominant. At 
shorter transmission distances, thermal capacity is likely 
to be the limiting factor; in which case the ratio 2.5 or 
1.25 to 1 applies. At longer distances, voltage regulation 
or transient stability may be the limiting factors, in 
which case the ratio 6.25 or 3 to | applies. This clearly 
demonstrates the influence of transmission distance in 
determining the relative advantage of 345 kv. 

In view of the rapid population growth with sub- 
sequent home and business construction in many areas 
of the country, several utilities anticipate that within 
the next 20 years, maximum utilization of available 
right of way will be of extreme importance. Also, there 
are locations where natural obstacles necessitate maxi- 
mum right-of-way utilization. In such instances, the use 
of 345-kv transmission voltage will be a means to this 
end. 


RELIABILITY 


FROM THE STANDPOINT of reliability, it appears that 
the use of 138-kv transmission voltage may have appre- 
ciable advantages over 345 kv, particularly in the earlier 
stages of system expansion. Since the use of 138 kv re- 
quires some greater number of transmission circuits 
than 345 kv, it follows that there is inherently greater 
reliability and operating flexibility. In addition, with 
138-kv transmission there will usually be a greater 
dispersal of step-down transformer capacity within a 
given service area, resulting in a lesser degree of vulner- 
ability to natural disasters, equipment failures, or 
operational errors. From a long-range standpoint, how- 
ever, differences in reliability between 345 kv and 138 
kv tend to disappear. In the more advanced stages of 
system expansion, there will usually be sufficient dupli- 
cation of 345-kv facilities to give a comparable margin 
of reliability. 

Reliability may also be a factor in determining the 
comparative short-range right-of-way requirements for 
345-kv and 138-kv transmission. For example, suppose 
that 900 mw of generation is to be transmitted 50 miles 
to a load center, Assume further that six 138-kv circuits 
or two 345-kv circuits are the alternatives under con- 
sideration. To realize maximum reliability with the 
345-kv plan, it may be considered necessary to place the 
two circuits on separate rights of way. With at least 
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equal reliability, the six 138-kv circuits could be placed 
on double-circuit towers, thereby requiring only one 
more right-of-way strip than would the 345-kv plan. 

If the capacity to be transmitted doubles at some 
future time and the alternatives become twelve 138-kv 
circuits versus four 345-kv circuits, placing the latter on 
double-circuit towers might be considered to give suf- 
ficient reliability. Comparative right of way require- 
ments would then be two strips for 345 kv versus six 
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Fig. 1. 
an existing 138-kv network in the load area is to be retained. 


Comparable 345-kv and 138-kv transmission systems, where 


strips for 138 kv, or a saving of four strips of right of 
way by using 345 kv. It may be noted that if the 345-kv 
circuits are not eventually placed on double-circuit 
towers, the over-all saving in right of way may be quite 
small by comparison with the equivalent 138-kv plan. 


ECONOMICS 


THE THIRD FUNDAMENTAL CONSIDERATION in compar- 
ing 345-kv and 138-kv transmission voltages is their re- 
lative costs. These costs are composed of (1) carrying 
charges on investment in transmission lines and sub- 
station equipment, (2) capacity and energy charges for 
F?R losses, and (3) carrying charges on investment in 
reactive supply. Operation and maintenance costs may 
also be included, although they are usually small rela- 
tive to the other costs. 

Before comparing costs, suitable 345-kv and 138-kv 
transmission plans must be formulated. For example, 
Fig. | indicates typical alternative plans for transmis- 
sion from a generating plant to a load area where an 
existing 138-kv transmission network is to be retained. 
Because of space requirements and the comparatively 
high investment associated with 345-kv terminal and 
step-down equipment, it is usually desirable that the 
number of 345-kv substations in the load area be held 
to a minimum. As a result, the large blocks of power 
associated with 345-kv step-down substations cannot be 
absorbed in the load areas of most present-day systems 
without 138-kv ties to smaller substations within the 
area. 

In the formulation of alternative plans, considera- 
tion must be given to the selection of an optimum 


Camburn, Stafford—Determination of Optimum Transmission Voltage 





TOTAL COST PER Kw 


CARRYING 
CHARGES 


ANNUAL TRANSMISSION COST PER KW 


REACTIVE 
SUPPLY 








5P 
POWER RECEIVED 


Fig. 2. Relationship of component annva! costs for a typical 
transmission line. 


transmission line design for cach voltage. Such decisions 
as bundled-conductor versus single-conductor line de- 
sign must be analyzed, particularly for $45 kv, but per- 
haps for 138 kv as well. In preliminary thinking, there 
may be a tendency to disregard future possibilities for 
improving or changing conventional 138-kv transmis- 
sion line design standards. Since comparisons of 345 kv 
and 138 kv are usually made on a very long-range basis, 
in many cases up to quadruple present-day loads, it is 
important that any preconceived design limitations be 
carefully scrutinized. 

In determining the best conductor size for the given 
transmission application, it will be necessary first to 
determine the minimum number of lines required to 
satisfy the established voltage regulation, transient sta- 
bility, and reliability criteria. These limitations are 
essentially independent of wire size. With the minimum 
number of lines established, the optimum size can be 
selected by a long-term comparison of carrying charges, 
cost of /*R losses, and costs of reactive supply for a 
number of different size conductors which are thermally 
adequate. 

At shorter transmission distances, the voltage regula- 
tion and transient stability limitations may become in- 
significant, in which case thermal capacity and reliabil- 
ity are the major factors determining the number of 
lines required and the range of suitable wire sizes. 

Fig. 2 indicates a typical relationship of component 
costs for a particular wire size and transmission voltage. 
A point which may well arise in the course of a study 
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to determine the optimum conductor size is the ques- 
tion of economic loading. Referring again to Fig. 2, it 
can be seen that as loading on a single line is increased, 
eventually the point A is reached such that a second 
line could be added, each line operating at point B, 
with no increase in annual cost per kilowatt or total 
annual transmission cost. 

Fig. 3 shows a series of curves representing a mul- 
tiplicity of identical lines. Theoretically, each time the 
cost curve for n lines intersects the curve for n + | 
lines, it would be economical to install the additional 
line. It can be noted from Fig. 3, however, that with up 
to three lines in service, the cost at these intersection 
points is only slightly greater (about 6 per cent usually) 
than the minimum possible cost. With more than three 
lines in service, there is practically no difference be- 
tween the cost at the intersection points and the mini- 
mum possible cost. This illustrates the fact that the 
slope of the composite annual cost curve is very gradu- 


ally upward once the minimum cost point is reached. 
It is, therefore, quite doubtful that there would be 


sufhcient potential saving to justify investment in an 
additional line once the intersection or economic load- 
ing range is exceeded, by however small an amount. It 
would naturally not be prudent to operate a line at a 
loading far beyond its economic limit, but it appears 
there should usually be a tendency to operate the line 
somewhat in excess of its most economic loading. The 
exact amount can only be determined by study of the 
specific situation encountered. Summarizing, it appears 
that although the economic loading concept must be 
considered in determining the number of lines required 
to carry a given amount of power, in actual practice it 
will usually be justifiable to load well beyond the theo- 
retical lowest cost range. 

Having selected the most economical 345-kv and 138- 
kv plans, the remaining step will be to compare the 
two plans. This comparison will include carrying 
charges on investment in transmission lines and rights 
of way, terminal facilities and generator step-up facili- 
ties for both plans. In addition, carrying charges on 
investment in 345-kv step-down facilities and 138-kv 
ties within the load area must be included in the 345- 
kv transmission plan, where applicable. 

The initial stages of any 345-kv plan will very likely 
require a very high investment by comparison with an 
adequate 138-kv plan. Because a 138-kv plan involves 
smaller increments of transmission capacity, it can be 
more easily designed to meet the required total capacity 
at any stage of development, with little excess. It is 
probable that the first step of any 345-kv plan will in- 
volve considerably more transmission capacity than can 
be immediately utilized, because of the greater capacity 
per circuit with 345 kv and the need for a certain mini- 
mum number of circuits for reliability. Therefore, it 
is necessary to extend the period of economic study 
until such time as the capabilities of 345-kv transmis- 
sion can be fully employed. 

The second major item of the cost comparison, 
capacity and energy charges for J*R losses, need not be 
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described in detail, inasmuch as these can be deter- 
mined by quite conventional means. 

The third cost item to be considered is the expense 
of reactive power required for proper voltage control. 
The vars delivered to the receiving end are often 


credited at a fixed rate to the plan being studied, based 
on the cost of an equivalent amount of switched capaci- 
tors or synchronous condenser capacity. Before credit- 
ing any plan for delivered vars, consideration should 
be given as to whether these vars are actually required 
under normal operation. Since voltage regulation be- 
comes more critical with equipment out of service, the 
amount of vars delivered for such a condition should be 
evaluated and the worth of the var supply for each plan 
adjusted accordingly. 


SUMMARY 


ON THE BAsiIs of the many factors which enter into a 
comparison of $45-kv and 138-kv transmission voltages, 
it is apparent that no general conclusions can be 
reached. Each factor may be subject to widely varying 
evaluation by different utilities, depending on existing 
conditions. Until a study is made of the specific appli- 
cation at hand, it should not be inferred from the re- 
sults of investigations related to other systems that 345 
kv will or will not prove to be the optimum voltage. 





Abstracts of Articles 


from Soviet Technical Publications 


The following articles, here abstracted, are among 
those appearing in Electric Technology USSR (“Elek- 
trischestvo”’), vol. 2, 1957. Details of the availability of 
this publication, as well as three other leading Soviet 
publications, are given in Electrical Engineering, June 
1958, p. 526. 


A New Aijir-Blast Circuit Breaker for 220 Kv, 7,000 
Mva, T. J. Smirnova. (No. 6, p. 48.) 


An experimental circuit breaker developed at the 
All-Union Electrical Engineering Institute in Moscow 
is described. This is an improvement of the 5,000-mva 
circuit breaker manufactured at present by the Soviet 
electrical industry. The construction and parameters, 
as well as the results of tests conducted on the new 
breaker are outlined. 


Turbogenerator Rotor with Direct Cooling of the 
Winding Conductors, B. V. Titov, Z. B. Kogan. (No. 6, 
pp. 35-38.) 


In the course of developing new types of large turbo- 
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generators, the “Elektrosila” Works designed and pro- 
duced an experimental rotor with direct hydrogen- 
cooled conductors. The rotor was installed in a 30-mw 
set in Leningrad in 1956 and was tested in service on 
load. The new rotor-winding design may be used suc- 
cessfully for hydrogen-cooled turbogenerators of 30- to 
150-mw rating. Its weight and dimensions may be 30 
to 35% less than those of existing machines. 


The Current in the Charge Materials of a Ferrosilicon 
Furnace, J. T. Zherdev. (No. 5, pp. 65-67.) 


Despite the difficulties of carrying out experiments 
on an actual alloying furnace, because of the high tem- 
peratures involved, it is possible to demonstrate the 
existence of a charge current and to approximate the 
current density in the charge materials under condi- 
tions of industrial operation of such furnaces. A de- 
scription is given of the method and the results of the 
experimental determination of current density in the 
charge of a ferrosilicon furnace. 
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Fundamentals of Infrared 


M. S. JUZYCZ 


Infrared has emerged in the last decade from 


the sanctuary of the research laboratory into the 
domain of practical applied science. It is hoped 


the basic information presented will stimulate 
further interest in a field of great potential valve. 


ATURE is full of intriguing phenomena, and it 

is up to the human being to discover them, to 

study them, and ultimately to find useful ajpli- 
cation for them. 

Generally known, almost taken for granted but still 
mysterious to many, is the ability to see. Human vision, 
however interesting it is, is only a small part of the 
whole array of physical phenomena produced by nature. 

The investigators of the phenomenon called vision, 
define it as the ability of the human eye to receive and 
respond to the signals of very short wavelength and 
limited to a narrow band in the spectrum. Thus, the 
first and most widely used narrow band receiver has 
been established. 

Adjacent to the visible light band in the spectrum 
there are two other spectral regions, usually referred to 
as ultraviolet and infrared (IR). 

It is the subject of this article to discuss and expose 
the underlying principles governing the behavior of 
infrared. 


INFRARED 


THERE ARE TWO THEORIES, based on the undulatory and 
corpuscular concepts of radiant energy, which try to ex- 
plain the nature of the infrared. One of them, the wave 
theory, is familiar to the electronics engineer in spectral 
regions used for radar, ultrahigh frequency (UHF), 
and radio. 

Radiant energy in the region between visible light 
and microwaves is defined as infrared. The name was 
derived from the fact that the spectral region concerned 
is the extension of visible red. The energy radiated at 
these frequencies is outside the pass band of the human 
eye, and therefore, invisible to man. However, the ex- 
tremely short wavelengths make the infrared behavior 
very similar to that of light. This is particularly true in 
the shorter wavelengths region of the infrared spectrum, 
where the wavelength approaches the magnitude of the 
wavelength associated with visible light. Because of this, 
resolution achieved with infrared is very high and far 
superior to the resolutions commonly obtained at pres- 
ent in the other spectral regions; e.g., microwaves. 
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RADIATION 


How Is INFRARED GENERATED? What are infrared radia- 
tors? How is infrared transmitted? These and other rela- 
tive questions arise when discussing infrared. To answer 
them, let us digress into the realm of thermodynamics. 
It is a known fact that heat can be transferred from one 
body to another by conduction, convection, and radia- 
tion, or a combination of them. It should be noted that 
the radiation at wavelengths longer than visible light 
and shorter than microwave constitutes the infrared 
spectrum. Hence, all hot objects will radiate infrared 
energy. Therefore, in order to generate infrared energy 
a body, object, or simply a radiator must be brought to a 
warm state, that is, it must be at a temperature above 
absolute zero. Conversely, this means that any object 
radiates infrared energy and, therefore, it is true to say 
that infrared transmitters are integral parts of any hot 
body and they are inseparable from it. Quantitatively, 
two parameters describe infrared radiation. They are, 
the wavelength and the power, both functions of the 
absolute temperature of the radiator. The total radiant 
power varies as the fourth power of absolute tempera- 
ture. The spectral distribution of radiant power exhibits 
a peak at certain wavelengths and, in this part of the 
spectrum, the radiant power varies as the fifth power of 
absolute temperature. The peak of the radiant power 
distribution curve is subject to displacement in the spec- 
trum. The wavelength at which it occurs is also a func- 
tion of the absolute temperature. It varies proportion- 
ately to the inverse of the temperature, that is, the peak 
shifts to shorter wavelength regions at higher tempera- 
ture. A black body radiator is defined in order to pro- 
vide a standard 1adiator although it is only of theoreti- 
cal importance. It is a body that has absorptivity equal 
to unity. That is, it absorbs all the energy that strikes it 
without reflection. Conversely, if used as a radiator it 
radiates maximum energy at given temperature. A grey 
body in turn is any body whose absorptivity is less than 
unity and has the same value at all wavelengths. The 
rate at which a grey body emits radiant energy depends 
upon the temperature of the body and on its emissivity 
which is a function of its surface. The emissivity of a 
body is defined as the ratio of the grey body radiation 
to that of a black body and is always less than unity, 


TRANSMISSION AND ATTENUATION 


IF THERE WERE NO ATMOSPHERE in the transmission 
path of the infrared energy, that is, if the infrared trans- 
mission were occurring in a vacuum, the energy at any 
distance from the IR source will be proportional to the 
inverse of the square of that distance. This ideal state 


ELECTRICAL ENGINEERING 





is far from reality. The transmission path is not in a 
vacuum but in the atmosphere, which attenuates infra- 
red energy. Water vapor and carbon dioxide are prin- 
ciple absorbers of infrared energy. 

The attenuation of infrared energy is known to result 
from three causes. They are: 


1. Absorption by molecular constituents of the at- 


mosphere which occur at discrete wavelengths corre- 
sponding to the resonant frequencies of the molecules. 
2. Scattering by haze, fog, and cloud particles, many 
of which are large with respect to the wavelength and, 
therefore, attenuate by scattering the radiation out of 
the beam. 
3. Scattering by air molecules. 


Because of these properties; i.¢., scattering and ab- 
sorption, the attenuation is not uniform throughout the 
spectrum; in fact, the atmosphere has a number of free 
transmission bands located in different parts of the spec- 
trum and referred to as “transmission windows.” The 
air density and the composition of the atmosphere varies 
with altitude. In higher regions, the attenuation de- 
creases markedly thus enabling transmission and detec- 
tion over large distances. Until now, only one transmis- 
sion medium—the atmosphere—was considered. In a 
sense, it is the major medium because it constitutes the 
only known long-distance transmission path. However, 
other transmission media exist; e.g., auxiliary equip- 
ment such as collective optics as used in the infrared 
equipment. The transmission of the infrared energy 
through such equipment is governed by the physical 
properties of the materials used. These materials may 
vary in the degree of attenuation and feature different 
spectral distribution characteristics. In order to assess 
and predict infrared transmission in a given environ- 
ment under given conditions, it is necessary to work out 
an integrated transmission characteristic for the com- 
plete infrared system. 

RECEPTION 

Earlier sections dealt with the generation of infrared 
energy, with its radiation and transmission problems. 
In this section, it is intended to discuss problems related 
to detection. 

The ideal detector should have the following prop- 
erties: (1) high sensitivity over the entire infrared spec- 
trum; (2) low noise figure; (3) fast response time. 

Most of today’s infrared systems are passive systems. A 
passive system utilizes infrared radiation emitted by an 
object. The system usually has no manufactured trans- 
mitter, and has only an infrared receiver. Such a system 
is possible because of the fact that any object at a tem- 
perature above absolute zero radiates infrared. There- 
fore, all objects in known environmental conditions will 
radiate infrared. 

The importance of the infrared detector becomes evi- 
dent if it is realized that usually not much control can 
be exercised over the prevailing conditions at the trans- 
mission end. Mostly, they are governed by some other 
criteria be it thermal, structural, or a combination of 
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them. As a matter of fact, this is one limiting factor ot 
the passive infrared system. 

However, if use is made of the radiation properties of 
the body, the detector is a powerful instrument at the 
designer’s disposal, which offers the possibility of tech- 
nically optimizing the system. 

There are two basic types of infrared detectors, one 
working on a thermal principle, the other using a photo- 
conductive phenomenon. In the first group, there are 
two types known: They are, bolometers and thermo- 
couples. The operation of bolometers can be described 
as: the IR energy incident on the platinum foil of a 
bolometer warms it up and produces a change in the re- 
sistance of the platinum foil. The change of resistance 
is the measure of IR power at the point of reception. 
Thermocouples respond also to the heating effect of IR 
radiation. Two very fine wires of different materials are 
spot welded and attached to a thin foil which acts as a 
radiation receiver. As a result of heating this area, a 
small internal d-c voltage develops in the thermocouple 
and the current change is the measure of IR radiation. 
This is a low impedance device, actual impedance values 
being in the order of 5 to 10 ohms. 

Most common thermocouple pairs are of bismuth 
silver and copper constantan. The detectors in the ther- 
mal group respond to infrared of any wavelength that 
contributes to the warming up of the sensitive elements. 
As such, they are integrating instruments responding 
over a wide band of the infrared spectrum (up to 15 
microns). The sensitivity of this type of detector is in- 
ferior to the sensitivity of a photoconductive cell. 

The time constant of the detector is a function of the 
heat capacity and the rate of energy loss. For all ther- 
mal detectors it is long, in the order of several micro- 
seconds, and this must be remembered if measurements 
of fast changing infrared signals are made. 

The second major group of infrared detectors con- 
sists of photoconductive cells. The basic explanation of 
the operation of photoconductive cells is found in 
Planck’s quantum theory. A photoconductive cell ex- 
posed to infrared radiation changes its state by absorb- 
ing photons from the incident infrared energy which 
in turn changes its resistance. If there is no infrared il- 
lumination the cell resistance is high; however, it de- 
creases when the cell is exposed to infrared radiation. As 
a result of the change of resistance, the applied voltage 
drops. The change of voltage is the measure of the 
infrared energy to which the cell was exposed. 

There are several important differences between ther- 
mal and photoconductive infrared detectors. The time 
constant is one of them. By virtue of the photoelectric 
phenomenon, the time constant of photoconductive 
cells is very short. It does not require the warm-up time 
necessary for thermal detectors. The sensitivity of the 
photoconductive cell is also high compared to the ther- 
mal type detector; however, additional cooling is re- 
quired to optimize sensitivity conditions. Another ma- 
jor difference is the spectral band to which the cell re- 
sponds. It is limited in the longer wavelength region of 
the infrared spectrum. 
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There are several materials used for photoconductive 
cells. Lead sulphide is one of the earliest. It was de- 
veloped to its present state of perfection during World 
War II. It has a high sensitivity, 5 x 10° watts, par- 
ticularly if cooled, and cuts off at approximately 4.5 
microns. Another cell uses lead telluride. It is a new 
material which has a sensitivity of 10° watts and cuts 
off at approximately 6.2 microns. 

The advancement of research and development of 
semiconductors resulted in better materials such as lead 
selenide, indium antimonide, specially treated ger- 
manium and others, all of which require very low tem- 
perature to achieve higher sensitivity figures. Further 
work is being done and hopes are high for more and 
better type detectors. 

Still another type of detector is the photosensitive 
emulsion responding to infrared radiation. Films using 
emulsion have numerous applications in 
photography. 


infrared 


ACCESSORY EQUIPMENT 


BECAUSE OF INFRARED CHARACTERISTICs which resemble 
visible light, certain parts of the detection system can 
be built with components known in optics. 

Mirrors, lenses, and prisms are used for collection, 
deflection, and focusing of incident infrared energy. 

Class and quartz have poor transmission character- 
istics in the longer wavelength infrared regions. There- 
fore, other materials are used. Good examples are 
thallium halides, which have a range of transmission be- 
tween 2.5 to 35 microns and are essentially nonhydro- 
scopic. Both are highly desired properties in infrared 
equipment design. 


There are numerous applications of infrared. The 
principle industrial use of infrared is in radiation heat- 
ing, drying, and baking of such materials as paints, 
enamels, varnishes, glues, and printers ink. Closely asso- 
ciated with this group is the usefulness of infrared in 
temperature measurements. Heat therapy and applica- 
tion of infrared microscopy in the field of ophthalmol- 
ogy are typical uses of infrared in medical science. 
Spectroscopy assumes an increasingly important role in 
the identification of compounds, especially hydrocar- 
bons. Its importance is not limited to the laboratory as 
it has extensive uses in process control. The existence 
of infrared energy emitted from warm objects opens up 
a vast field in infrared utilization. In this group infrared 
photography is a typical example since infrared attenua- 
tion by clouds and haze is less than that for visible 
light. Hence, photography of scenes and objects com- 
pletely invisible to the human eye is made possible. An- 
other typical example is an infrared viewer enabling 
one to see at night. Its primary use is for night driving. 
Although the list is far from complete, it is representa- 
tive of the present day applications of infrared. 
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Sculptured Wing Skin 


This 12-foot by 80-foot Kearney & Trecker skin mill 
is shown producing simultaneously two sculptured wing 
skin panels for the Boeing B-52G Stratofortress. All 
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intricate motions of this giant skin mill are controlled 
by information on magnetic tape. These two integrally 
stiffened wing panels are among the longest aircraft 
parts ever to be machined to extremely close tolerances. 

An advanced model of Boeing’s line of heavy jet 
bombers, the B-52G will serve as a launching platform 
for the GAM 77 “Hound Dog” supersonic guided air- 
borne missile, recently announced by the U. S. Air 
Force, and will fly farther, strike harder, and defend 
itself better than any other aircraft now flying. 

This huge skin mill is only one of several such ma- 
chines at Boeing’s Seattle, Kans., and Wichita, Kans. 
plants. The Wichita plant alone is using eight elec- 
tronically controlled machines—three skin mills, three 
profile mills, and two automatic riveters—in B-52G 
Stratofortress production; this represents the largest 
concentration of such equipment in the world, Com- 
pany officials point out that the extensive use of these 
“machines of tomorrow” allow production of the 
United States’ newest strategic air weapon at signifi- 
cantly reduced cost to taxpayers. 
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Six-Channel Multiplex for Submarine Cable Telegraphy 


H. F. WILDER 
MEMBER AIEE 


HE RICHLY CULTIVATED CARIBBEAN area 

has imposed ever-increasing demands upon com- 
munication facilities to North America. To serve this 
market place and crossroads of transportation, the West- 
ern Union Telegraph Company operates three subma- 
rine telegraph cables between Havana, Cuba, and Key 
West, Fla., an average distance of 101 nautical miles. 
Originally operated duplex in a differential polar relay 
arrangement, each cable was capable of sustaining a 
3-channel time division multiplex at a signaling speed 
of 50 cycles per second. 

As a first step in achieving higher signaling speeds, 
the cables were equipped in 1955 with signal-shaping 
vacuum tube amplifiers. Subsequent transmission trials 
showed the feasibility of signaling at 100 cycles per 
second. Based on these test results, design of 6-channel 
multiplex equipment was initiated. 

The sending terminal is shown in Fig. 1. Teleprinter 
line signals at the rate of 368 operations per minute 
are received on individual start-stop distributors. Each 
distributor delivers the regenerated intelligence im- 
pulses to alternative capacitor storing banks of a chan- 
nel repeater used to couple each teleprinter line to a 
multiplex channel without the use of tape reperforation. 
Whenever the multiplex, rotating at 375 rpm, “catches 
up” with the teleprinter signals an auto-stop circuit 
prevents the delivery of stored information to the cable 
and transmits a single blank to restore the required time 
lag. 

The large 6-channel distributor is equipped with a 
faceplate possessing all the segmented rings necessary 
to both sending and receiving functions. A special ring 
provides 22 millisecond timing intervals when either 
translating the multiplex signals to teleprinter signals 
at a receiving terminal or when monitoring the trans- 
mitted signals at a sending terminal. 

Because of highly inductive antinoise sets in the 
apexes of the Havana cables, a sending vacuum-tube 
amplifier is interposed between the sending segments 
and the cable to prevent segment gap flashover. This 
amplifier impresses only the high-frequency compo- 
nents of the signal upon the duplex apex; the d-c com- 
ponent and intermediate frequencies are still supplied 
from the segments but through a resistive-capacitive net- 
work, 

To provide a reliable means for monitoring the trans- 
mitted signals, the actual current entering the cable 
bridge apex is caused to drive a high-speed monitor 
relay. The multichannel multiplex signal output of this 
relay is then returned to a vacuum tube translator that 
in conjunction with the teleprinter timing ring restores 
the start and stop pulses of a given channel to permit 
monitoring on a 60 wpm teleprinter. 
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The receiving terminal is similar in construction and 
appearance. The output of the signal shaping amplifier 
drives a line and a corrector relay. The line relay and 
a selector relay in conjunction with 30 scanning seg- 
ments regenerate the signals and deliver the impulses 
to storing capacitors. Each group of five capacitors is 
then discharged by respective segments on the tele- 
printer timing ring through a transformer having seven 
primary windings. Of the seven timing segments for 
each channel, the first segment discharges a positively 
charged capacitor through the number one winding of 


Fig. 1. Sending ter- 
minal equipment. 


the transformer to prefix the start impulse to the tele- 
printer character being developed. Similarly a seventh 
but negatively charged capacitor is provided to produce 
the stop impulse. The voltage transients induced in the 
transformer secondary drive a vacuum tube bistable 
amplifier that, in turn, positions a relay controlling the 
outgoing teleprinter line. 

The 6-channel equipment was placed in service in 
April 1957 and immediately provided three additional 
duplex teleprinter channels to Havana. A second set 
of 6-channel equipment will be installed on another 
Havana cable early in 1958. 





Digest of paper 58-44, “An Improved Six-Channel Time Division Multi- 
plex for Submarine Cable Telegraphy,”’. recommended by the AIEE Tele- 
graph Systems Committee and approved by the AIEE Technical Opera- 
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Digital Computers for Distribution Systems 


D. N. REPS 
MEMBER AIEE 


Exactly what is the nature of the “computing 

revolution” that is now under way and, specifi- 

caily, what is the future for computers in dis- 

tribution engineering? These are some of the 

provocative questions discussed in an attempt 

to assay the significance of digital computers for 
power distribution. 


“REVOLUTION” according to Webster's dic- 

tionary, is “a great change in the way of doing 

things,” and this has certainly been the case in the 
field of digital computers. Consider the most elementary 
form of digital computer, the desk calculator. With the 
desk calculator, the “program” for problem solution is 
carried in the operator’s head, and the speed of calcu- 
lation depends not only on the operator's ability to 
punch the correct keys quickly, but also on his ability 
to write down quickly (i.e., memorize for future refer- 
ence and gain access to) various numbers at all stages 
of computation. 

From a brief consideration of desk calculator use, it 
can be seen that the three contributing functions in 
digital computation are: (1) a list of instructions, (2) 
the means to carry out those instructions, and (3) a 
“memory” to store intermediate and final results. The 
ways in which all three of these functions have been 
improved at a revolutionary rate within the past decade 
is a subject in itself. But for the purposes of rough 
illustration, consider a distribution engineering prob- 
lem which takes 100 hours to solve with the use of a 
desk calculator. Digital computer progress in the cal- 
culating time for such a problem is shown in Table 1. 

Tinese figures convey some idea of the increase of 
computer “power” in recent years. The pace is indeed 
revolutionary. However, Table I deals with calculating 
time. The preparations involved in readying a digital 
computer (including the engineer—desk calculator com- 
bination) to perform its computations are not included 
in these figures, but will be discussed later. 


THE COMPUTER AND THE ENGINEER 


IT IS OFTEN SAID, nowadays, that one of the principal 
advantages of a high-speed computer is that its use frees 
the engineer from tedious, repetitious calculations, and 
permits him to devote more of his time to true engineer- 
ing. This evaluation indeed can be true, but it conveys 
neither the complete picture of the benefits to be de- 
rived from computers, nor the picture with regard to 
drawbacks and possible pitfalls. 

A computer can carry out arithmetic and algebraic 
computations thousands of times a second, but another 
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important advantage of its application is the require- 
ment for clear, precise thinking in the instructions given 
it. Instructions containing any slip in logic, any contra- 
diction in premises or assumptions, or any unbalance 
between two sides of an equal sign cannot be carried 
out. Should a program contain such slips, a “tilt light’ 
jars the engineer or computer programmer into the ef- 
fort required to correct the mistakes which prevent 
problem solution. Consequently, in engineering appli- 
cations, the computer not only performs many calcula- 
tions quickly, but also serves as a constant monitor of 
engineering thought consistency, accuracy, and in some 
cases, quality. More of the engineer’s time is spent in 
evaluating assumptions, examining logic, analyzing the 
validity of basic formulas, and choosing suitable ranges 
of values for variables, while the computer takes specific 
tabulated numbers, substitutes them into generalized 
relationships, and comes up with specific answers. 

However, whereas the old-style desk calculator is 
synonymous with tedium to many engineers, the digital 
computer gives birth to a time consumer just as vora- 
cious but of completely different form, commonly called 
the “bug.” This picturesque term applies to errors in 
programming which halt the computer, or cause it to 
get on the wrong track. 


DIVISION OF LABOR 


As AN ENGINEER SHOULD SUSPECT, with a computer you 
do not get something for nothing. Translation of a 
problem solution into language the computer can digest 
requires a high degree of skill and training. Also, it 
should be recognized that in some cases an equal, or 
even greater, amount of time must be spent in computer 
programming than would be required for a manual 
(desk calculator) solution. The “payoff” in computer 
use, of course, comes when the same calculations must 
be repeated often, changing only the values of the 
number to be operated on. The subject of program- 
ming and its effect on usefulness of computers in engi- 
neering problems deserves careful scrutiny. 

The process of solving a problem by digital computer 
involves a “division-of-labor” approach. There are three 
distinct steps in the process: 


Step 1. Problem formulation and engineering 
analysis leading to a method of solution. 

Step 2. Programming or organization of the in- 
structions given to the computer. 
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Step 3. Coding of the program instructions into a 
symbolic or numerical language which the compu- 
ter actually can operate on. 


In some cases, all three steps can be done by one 
individual. Such an individual generally would have to 
be an engineer, so that Step | could be accomplished. 
A “one-man digital-computation assembly line” would 
more likely be an engineer who has learned the rudi- 
ments of computer programming and coding, rather 
than a mathematician who has acquired a background 
of theory and practice in the particular engineering field 
of the problem. However, if an engineer spends more 
of his time in programming, coding, and “debugging” 
than would be required to obtain the solution manually, 
nothing will be gained. 

But tedious longhand computations are really not 
comparable to computer programming insofar as time 
well-spent is concerned. Computer programming is in- 
tellectually stimulating. A knowledge of programmiig 
is a versatile, flexible tool applicable to many different 
problems. Also, some programming experience helps the 
engineer to prepare the material required for program- 
ming and coding better. 

The effect of programming, coding, and debugging 
time on the efhiciency of a digital computer as compared 
with a desk calculator is illustrated by Fig. 1. The 
various time intervals depicted in this figure represent 
reasonable estimates relating to the typical distribution 
engineering problem mentioned previously, which re- 
quires 100 hours of computations with a desk calculator. 
Although one, two, and even three repetitions of the 
same set of calculations can be performed in less time 
by desk calculator, as the number of times the calcula- 
tion is repeated beyond the break-even point increases, 
the automatic digital computer becomes increasingly 
more desirable. 

The high cost and great demands for time on high- 
powered computers necessitate maximum efficiency in 
their use. One of the aids in improving efficiency is the 
relegating of engineering, programming, and coding to 
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different people specialized in each job, but with a work- 
ing knowledge of each other’s problems so that good 
co-ordination of effort is realized. ‘To further this aim, 
computer manufacturers and users are conducting 
classes and schools at an ever-increasing frequency 


THE THREE TYPES OF ENGINEERING CALCULATIONS 


IN HIS ARTICLE entitled “The Computing Revolu- 
tion,”? Dr. E. L. Harder segregates the many different 
engineering calculations into three basic categories: (1) 
performance calculations, (2) design calculations, and 
(3) optimization. 

An engineer who has never used a digital computer 
will recognize, from his intuition alone, and certainly 
from his experience, that the problem becomes more 


Fig. 2. Distribution 
system problem 
5,000-kva load inust 
be supplied most ef- 
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difhcult and involved as calculations progress from per- 
formance to design, and then to optimization. Gener- 
ally, optimization means that the engineer is not satis- 
fied with a design that works. He wants, for example, the 
lowest cost design that meets performance requirements. 


COMPUTER APPLICATIONS TO DISTRIBUTION 


THE NUMBER and variety of problems in distribution 
engineering are very great. Many of these problems lend 
themselves to digital-computer techniques. Perhaps the 
easiest way of illustrating the ways in which digital com- 
puters can be applied in distribution is by means of an 
example. The following example is specifically designed 
for this purpose. After presentation of this example, it 
will be easier to use generalities in discussion. 


Statement of Problem. Using Fig. 2 let us consider 
that the problem is as follows: 


Problem: A load of 5,000-kva peak demand must 
be served at 13,800 volts, and is located at a dis- 
tance of 15 miles from a 69-kv line. Power is to be 
delivered to this load by tapping the 69-kv line 
which will operate at constant voltage at the tap 
point. The maximum permissible voltage drop to 
the 13.8-kv bus is 5%. Determine the most eco- 
nomical method of supplying this load. 


General Statement of Solution. Engineering exper- 
ience applied to the initial study of this problem indi- 
cates that there are three methods of serving this load. 
These three methods are shown in Fig. 3. They are as 
follows: 


Method 1. A 69-ky line tap is carried the 15 miles 
distance to the load where a step-down transformer 
rated 5,000 kva, 69/13.8 kv, is located. 


709 








Table I. Digital Computer Progress in the Solution Time 
for a Certain Problem 





Method of Solution 
Desk Cc alculator 
IBM 604 
IBM 650 
IBM 704 


Calealating Time (hours) Era of Application 





TTT TIT TT ire Up to 1950 
eeevecccccess 1950-1953 
oeveccceceees 1953-1956 





Method 2. A 5,000-kva, 69/13.8-kv transformer is 
located directly at the 69-kv tap, and a 15-mile, 
13.8-kv line is carried from the point of transforma- 
tion to the load. 


Method 3. An intermediate voltage, say 34.5 kv, is 
used to carry power from the 69-kv line to the load, 
with a 5,000-kva, 69/34.5-kv transformer 
5,000-kva, 34.5/13.8-kv 
other end. 


at one end, 


and a transformer at the 


For each method, cost components should include 
transformers, line, and line losses. The cost of automatic 
load tap-changing (LTC) for the transformers rated 
13.8-kv low voltage in Methods 2 and 3 should also be 
included. 


Writing the Equations. The next step is writing down 
the equations required for the calculations. As in all 
other analyses where equations are written, reference 
should be made to the circuit diagrams, in this case, 
Fig. 3: 

kva 
J 3k 


5,000 
/3ky 


am OF 


— /o0 


Xe + % Xue + % 
5,000 kva base) 


Per cent voltage drop Xe 


(per cent reactances on a 
Kw power loss = I[*Riuine K 3 &K 10% 


Capitalized cost of losses = 
(L oss factor) (8,760) _(Dollars/kw- -hr) 
Fixed charge rate 

(Kw ‘power loss) (0.3) (8,760) (0.01) 


0.15 


(Kw power loss) 


= 175.2 (Kw power loss) (4) 


Total cost = Cost of T, + Cost of line + Cost of T, 


+ Cost of LTC + Capitalized cost of losses (5) 


The distribution engineer will immediately recognize 
the over-simplifications in the foregoing equations 
which, like this problem, are designed for the purposes 
of illustrating digital-computer application. 


Tabulation of Data. Up to this point, the steps are 
the same whether the problem is to be solved using a 
slide rule (or desk calculator), or a digital computer. 
Similarly, the next step has to be carried out in very 
much the same manner for either method of computa- 
tion, This step is the tabulation of the various numeri- 
cal values to be used for the 
to 5. However, to facilitate digital-computer a 
the numerical values are designated, and tabulated : 
shown in Table II, in a fashion the purpose of which 
will become clear later. 


variables in equations | 


The Flow Diagram. Now the computation methods 
using slide rule or desk calculator, and digital compu- 
ter, take different paths. For “manual” computations, a 
tabular form for results of individual computations and 
component and total costs may be set up, and the job 
of grinding out the various computations begins. For 
the next step is the 


the digital computer approach, 


development of a flow diagram. Such a diagram is 
shown in Fig. 4. 

The flow diagram begins by showing the data (i.e., 
the numerical values for variables and constants) which 
must be stored inside the memory of the computer. 
Then various steps of data selection, calculations, test- 
ing of results, and printing of answers are shown in 
schematic form, in the order in which the steps are to 
be performed by the computer. Note that Method 1, 2, 
or 3 is designated by the numerical value of M, and 
that each of the four cases (i.e., different line conductor 
sizes listed in Table II) within each method is desig- 
nated by C = I, 2, 3, or 4. 

Note also in Fig. 4 flow diagram that the three types 
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Fig. 3. Three alternative methods for supply- 
ing load. 
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of engineering calculation, namely performance, design, 
and optimization, are all included in this problem. 


Coding. The coder works from the flow diagram and 
tabulation of numerical values. To illustrate the coding 
procedure, a coding method similar to the FORTRAN 
IBM Mathematical Formula Translating system for 
the IBM-704 will be employed, modified for the sake of 
illustration, but nevertheless embodying its basic prin- 
ciples. 

The FORTRAN is an automatic coding system for 
the 704 electronic data processing machine. It is a 
system in which problem-solution coding instructions 
can be written in language readily understood by en- 
gineers not previously trained in computer program- 
ming. The computer takes such “source program” in- 
structions from punched cards and translates them into 
a new “object program” which is the output of the 
FORTRAN computations, so to speak. This object pro- 
gram output is also punched on cards automatically by 
the computer. The object program cards are then re- 
inserted into the 704 computer, and the numerical an- 
swers to the problem emerge either punched on cards, 
printed on paper, or read onto tape depending on the 
output instructions. Although the engineer can usually 
understand the source program in FORTRAN language, 
the object program, were it printed from the punched 
card, would be unintelligible to him. But inasmuch as 
the object program is only an intermediate step in the 
process, this should not present any problems to the 
engineer. 

Table III shows the instructions as they would ac- 
tually be written by the coder. The instructions re- 
semble FORTRAN, but are simplified or changed to 
eliminate the need for explaining minor details here. 
Each line of numbers and symbols are the actual num- 
bers and symbols which would be punched on a single 
IBM card by a key-punch operator. In all, the complete 
coded program is punched on 25 cards. Cards | to 6 
contain the numerical values of variables, written in the 
order in which they will be called for by the later 
instructions. Card 7 is a “dimension” statement, neces- 
sary in order to assign a proper number of storage 
locations in the computer memory to prevent overlap 
or superposition of numbers. Cards | to 7 are not in- 
structions, but only information to be operated on. The 
actual instructions begin with Card 8. 

All cards of both the data and instruction type are 
first read into the computer before control returns to 
the first instruction, now inside the computer, for 
commencement of computations. 

Cards 8 to 25 contain instructions which follow the 
flow diagram (Fig. 4). Note that the instructions are 
readily understandable and are a sort of combination 
of the English language and algebra. They can easily 
be interpreted by anyone who is familiar with the en- 
gineering problem but not necessarily familiar with 
computer programming. The IBM ForTRAN system of 
instruction coding resembles these instructions insofar 
as principles are concerned, but not exactly in detail. 
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Time Required for Example Problem. The example 
problem is a simple one, designed to illustrate computer 
application, so that the relative amounts of time re- 
quired for problem formulation, engineering analysis, 
programming, coding, debugging, and computer calcu- 
lating may not be typical. Nevertheless, Table IV is 
included to convey some idea of the order of magnitude 
of these respective man-, and machine-hour require- 
ments. 


COMPUTERS PUT MORE PEOPLE TO WORK 


A MODERN HIGH-POWERED electronic digital computer 
is essentially one tool in the production line of en- 
gineering work. As in all work involving organized 
effort, the capabilities of the components must match. 
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Fig. 4. Flow diagram of problem solution. 


Otherwise, certain sections of the production line are 
fully utilized. Com- 
puter use requires careful matching of manpower and 


overworked while others are not 


computer power. 

Note in Table IV that to solve the sample problem, 
21 man-hours are expended by three different specialists 
—engineer, programmer, and coder—in order to utilize 
the computer for 10 minutes. To solve the problem 
using a slide rule or desk calculator, an engineer—one 
individual—might spend the same amount of man-hours. 
Thus, three people replace one, and the three in com- 
bination with the computer utilize the same man-hours 
to obtain-the first solution. Subsequent solutions of such 
a problem, for which only the input data are changed, 
would require no additional programming, coding, or 
debugging time, and would increase computer utiliza- 
tion time with little or no additional man-hour require- 
ments. 

It is evident that more people are required to keep 
the computer busy. To obtain some idea of personnel 
requirements, assume that a computer is to be kept busy 
half the time on repetitive calculations for which pro- 
grams already are available, and half the time on new 
program development. Using the ratio of 21 man-hours 
per 10 minutes of computer time for development work, 
and assuming computer availability of 16 hours per 
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week for such work, the number of man-hours per week 
required for 16 hours of computer use is: 


(21) (60) 


-— (16) = 2,016 man-hours per week 


This represents the efforts of approximately 50 people. 

The examples cited, because of their simplicity, hide 
what many consider to be the major advantage of 
digital computer use—the availability of a means for 
solving problems hitherto thought too difficult or time 
consuming. Such problems are often concerned with 
optimization in fields where previously only satisfactory 
designs could be obtained economically. 

In permitting very rapid numerical computations, the 
digital computer serves as a hub of organized effort. 
The increases in productivity heretofore applied in in- 
dustry with great success on the production line have 
reached the field of engineering work. Unless advantage 
is taken of the increased productivity through increased 
levels of output, the high-capacity computing machine 
is operated at very costly and inefficient low levels of 
production. 

However, quantity of output, in this case in the form 
of problem solutions, is not the only measure of com- 
puter performance. Quality of output; e.g., optimization 
rather than design, must be sought. Increased scale of 
operations (i.e., more people, bigger machines, and 
bigger problems to solve) are an inevitable outgrowth 
of computer use. This is another example of how tech- 
nological advances put more people to work. 


COMPUTER APPLICATIONS NOW AND TOMORROW 


THE EXAMPLE OUTLINED describes the various steps in 
computer application to a specific problem in distribu- 
tion. More practical applications are generally similar 
in principles, but more complicated in procedure and 
details. One such application, now completed, is the 
determination of the most economical means of regulat- 
ing the voltage on distribution primary-feeder circuits. 

A program®** is now available for the 1BM-704 
computer which will take the actual load and line data 
for any specific primary feeder circuit of any volt- 
age, and the stipulated voltage regulation require- 
ments, and compute the most economical combina- 
tion of voltage regulators, fixed and switched shunt 
capacitors to provide the required voltage regulation. 
This program was worked out through the co-ordinated 
efforts of the Westinghouse distribution engineering 
and analytical departments. The comparable long-hand 
solution of such a problem for a typical primary feeder 
circuit would take approximately four man-weeks of 
computations by an engineer employing a desk calcu- 
lator. The computer program requires about one hour 
for the punching of the data onto the cards, and about 
one minute of computer calculating time. The results, 
printed out by the computer, include the following 
information: 


1. Voltage profiles for all workable combinations of 
regulators, fixed and switched capacitors. 
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Table IV. Time required to obtain answer to sample 
problem, using [BM 704 computer and FORTRAN 
programming system. 





Operation Time Required By Whom 





Statement of problem and method 
of solution .2 hours..............-Engineer 
Writing the equations 1 hour.....ee-eceeees: Engineer 
Tabulation of data.... eSeeac ec MEM ee dadedecececs Engineer 
Develop flow diagrams 3 HOUTS...ccccccccces: Engineer and 
Programmer 
Coding im FORTRAN.......+...+-: 4 WOUPS...ccscccsecees Coder and Pro- 


Translate FORTRAN program into 

machine language program....3-3 minute runs 
Debugging program between the 

3 runs above 
Complete run to compute and 

print out answers... 





2. Ratings and locations on the line for regulators, 
fixed and switched capacitors. 

3. Costs of equipment, and total system costs for each 
workable design. 

4. System capability requirements to serve the load, 
which as seen by the system, would vary depending on 
the amount of capacitors employed, and the amount of 
’R and [°X losses incurred. 


Considering that all this information is available in 
about one hour’s data preparation time, plus one min- 
ute’s computing time for any primary feeder circuit, 
one would not hesitate to call this a revolution. 

The future for application of digital computers to 
distribution problems indeed looks bright. The follow- 
ing areas offer especial promise: 


1. Optimization of power and distribution transfor- 
mer design to best serve today’s and tomorrow’s loads. 

2. Determination of most economical over-all distribu- 
tion-system voltages and patterns. 

3. Statistical analysis of existing and future loads for 
system planning purposes. 

4. Replacement of some a-c calculating board and d-c 
calculating board applications such as secondary net- 
work studies, by digital computer programs. 

5. System reliability and service continuity improve- 
ment by means of very rapid consideration and analysis 
of possible operating difficulties. . 


The list of possible digital computer applications to 
distribution problems is indeed impressive, and chal- 
lenging. Any young man about to graduate from college 
and enter the electrical engineering profession should 
be enthused at such opportunities for creative and im- 
portant work. 
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The Philosophy of 
Engineering Reliability 


M. L. MILLER 
MEMBER AIEE 


This second half of a two-part article expands 
upon the uses of the present definitions and 
concepts and attempts to show how reliability 
of parts influences system reliability. The im- 
portance of life testing is discussed briefly along 
with some comments on system design. 


Part 


N PART I of this article, the mechanisms by which 

engineering reliability is created not in the product 

by the designers, but in the minds of the people who 
buy and use the product was discussed. This is of inter- 
est because not only does it influence the way the de- 
signer must design his product, but also it helps pro- 
vide the ultimate decision as to whether he will stay in 
business. 

The first part indicated that the concept of reliability 
is closely related to predictability, assessability, and 
probability; and that both subjective and measured 
reliability must be considered. It also provided a defini- 
tion of reliability. The most simple statement of which 
is: “A more reliable device is one that is more apt to 
complete its assigned mission without failure.” 

Our attention now will be turned toward using the 
definition of reliability for devising methods of measure- 
ment. 


METHODS OF EVALUATION 


As MENTIONED IN PART I, only statistical methods 
are considered a suitable nonsubjective means for eval- 
uating future performance and, therefore, of measuring 
reliability. For this reason, the following information 
is helpful in determining the reliability of a device or 
system. If a great deal is known about the parent family, 
it may be possible to derive the shape of the reliability 
curve from experience (a subjective evaluation) plus 
only a limited amount of statistical data. 

For example, if it is known that there is no wear-out 
phenomena present in the portion of the life curve of 
interest, it can frequently be assumed to be an expo- 
nential, with a constant failure rate. This sometimes 
makes it possible to provide a rather simple means of 
finding numerical life data. 
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Experience and Life Testing. To see how experience 
can be used to simplify testing, let us take for example 
a small electric motor such as a fan motor. Past experi- 
ence might indicate that a few per cent of these motors 
fail more or less at random throughout their life from 
a number of miscellaneous causes such as insulation 
failure, metal fatigue, poor solder joints, defective cast- 
ings, etc. This same experience, backed up by numerous 
life tests, has shown that 6,000 hours is the average life 
of the factory installed lubrication. Several prototype 
models of a new fan are constructed for tests. There is 
no known reason why these motors should not follow 
the expected pattern (1 or 2% gradual dropoff out to 
about 5,000 hours followed by a steep slope through 
50% reliability at 6,000 hours). Twelve prototypes are 
operated on a life test in which one had failed before 
5,000 hours and seven more had failed between 5,000 
and 6,000 hours. By adding a lot of subjectivity (expe- 
rience) to a little test data, one can conclude that these 
motors are just as reliable as those previously tested. 

Accelerated Life Testing. Accelerated life testing can 
be used within limits to help evaluate reliability. If 
we return to the previous example about fan motors, 
and assume that we have discovered that the insulation 
system can be caused to deteriorate 10 times as fast as 
normal at 140 C, we can use this as an established law 
to provide accelerated life testing of the insulation sys- 
tem on our fan motor. We then place 12 more prototype 
motors on test with high temperature grease in the bear- 
ings, and discover that the first insulation failure oc- 
curred at 3,500 hours and five before 6,200 hours. We 
can now conclude that our insulation system is probably 
good for at least 4 years of continuous service and an 
average of 7 years. In an 8-month test we have provided 
ourselves with 7 years of test data. If our past experience 
concerning the 10 to 1 ratio of insulation life at 140 C 
is correct, we have numerical insulation reliability data 
which we will call measured, but, of course, it is part 
subjective because this time the factor might have been 
9 to 1 or 11 to 1 instead of 10 to 1. The accepted methods 
of statistical analysis for determining the quantity of 
data and the significance of conclusions must always 
be depended upon to provide reliability information. 

If the shape of the curve cannot be derived by other 
means, it is essential to expend enough units in tests to 
measure it. This is both costly and time consuming but 
absolutely necessary if a true measure of reliability is 
desired. One object of measurement is to help reduce 
the area of subjective prediction by supplying quanti- 
tative information of reliability in all areas possible. 
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The period of life testing should correspond at least 
roughly to the intended life of the equipment. It should 
neither be much too long nor too short if good informa- 
tion is to be derived from the testing. If it is impractical 
to perform proper length life tests, then accelerated life 
tests can be used as the method of estimating the relia- 
bility, providing that the shape of the reliability curve 
is known and the law of acceleration is adequately 
established. 


PARTS AND SYSTEMS 


FROM PREHISTORIC TIMES, it has been recognized that 
“a chain is no stronger than its weakest link.” Also, the 
mathematics for determining the relationship between 
parts failure and system failure has been known for a 
long period of time. It is not our purpose to discuss the 
mathematics but to review briefly the result of series and 
parallel] parts operation on system reliability. 

Series and Parallel Parts Definitions. If a system is 
assembled like a chain in which the failure of any one 
of the parts results in system failure, then the parts are 
in series. If the parts are arranged like the strands in 
a wire rope and the load adjusted so that any one strand 
will carry the whole load, then they are in parallel. Sel- 
dom does one find a system in which a large number of 
parts are in true parallel, inasmuch as parallel operation 
is most frequently used to provide increased load capac- 
ity rather than increased overload capacity. In a later 
section, it will be shown how even a few parts arranged 
for true parallel operation may suffice for many pur- 
poses. Most complex devices are not simply analyzed 
because they contain both parts in parallel and in series. 

The following three analyses assume that the failures 
are independent so that the reliability of each part is 
uninfluenced by the others. This is highly improbable, 
but nevertheless leads to enough simplification to be 
worthy of study. In addition, seldom does one find a 
system in which the parts are of equal reliability. How- 
ever, the following analyses are based upon equal re- 
liability of parts arranged either for true parallel or 
series operation. 

Series Parts. For a system arranged with all the parts 
in series, it is possible to write a simple relationship be- 
tween the parts reliability and the system reliability. 
Let R, be the fractional reliability of the first series part. 
Let R, be the same for the second part, R, for the third, 
etc. It is apparent that the chances of simultaneously 
having two “in service” parts (i.e., good parts) is the 
product (R,) (R,) for the first two parts and that it can 
be extended for all parts. Thus, for N series parts, the 
summation or system reliability Ryy can be directly 
written as: 


Ryn = (Ri) (Rs) (Rs) (Ra) . . . (Rw) (i) 


ffR, = R, = R, =... RL =—R (ie., if all parts have 
equal reliability equal to R) 


then: 
Ryn = RX (2) 
Aucust 1958 


Curves of some useful values of Ryy and R are given 
in Fig. 1. 

Fig. | represents the relationship between parts and 
systems reliability for systems made up of true series 
parts of equal parts reliability. It will be noted that for 
system reliabilities over about 90%, the curves are 
straight lines, and that doubling the number of parts 
will double the systems unreliability. The discouraging 
thing about this curve is the magnitude of the numbers. 
One hundred series parts (even the simplest modern 
automobile has many times this number of parts in 
series) must have parts reliability of 99.95% for the 
system to have only 95% reliability and 500 series parts 
requires 99.99%, parts reliability to get the same system 
reliability. 

No matter how bad the parts, there is some small 
probability of success. Thus, 50 parts of 90% reliability 
provide 14% system reliability. From this it is evident 
that the reliability of the system cannot be assessed from 
a very small sample alone. 

Parallel Parts. In a nearly homogeneous system (that 
is, one in which all the parts are nearly alike) the con- 
cept of a large number of elements in true parallel op- 
eration is easy. Thus, a steel rod can be replaced with 
several small ones in parallel, or can, itself, be considered 
as a large number of closely knit filaments in parallel. 
There are other ways to obtain the equivalent of parts 
in parallel. Trying several successive times to accomplish 
the same mission is one simple method of parallel opera- 
tion. A dueling pistol in the hands of a novice is no 
match for a six-shooter in equally unskilled hands. 

More complex systems make visualization of parallel- 
ism more difficult. An 8-cylinder automobile engine 
tends to have eight cylinders and parts in parallel for 
partial failure, but they are in series for total failure. If 
one spark plug fails, the other seven cylinders will carry 
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Fig. 1. System reliability for series parts. 


Miller—Philosophy of Engineering Reliability 





some overload and continue to function, Thus, the 
action is similar to parallel operation. If one of the con- 
necting rods fails or a piston sticks, all eight cylinders 
fail; thus the action is similar to series operation. 

One of the major inventions of electronics systems was 
the process of negative feedback by which partial failure 
of one or more series parts in a system can be passed on 
to the other portions of the system in such a manner 
that the results obtained in many aspects resemble 
parallel operation. It should be noted that this is only 
achievable by having a reasonably large overload ca- 
pacity in at least most of the portions of the system and 
preferably in all. 

No matter how the parallel operation is achieved, the 
reliability of a system made up of parallel parts can 
easily be expressed mathematically, Let R,, R,, R, . 
and R,, be the fractional reliability of the parts in paral- 
lel. The fraction of parts that have become nonopera- 
tional then can be expressed as C,, = (1-R,,). This can be 
called the part’s unreliability. The system unreliabilities 
then can be written as: 


Cyn = (Ci) (C2) (Cz). . . (Cy) (3) 


If the parts all have equal unreliabilities 


C=C, = C3...=C, = C thus Cy, = C” (4) 


~ 


= (1—Cy,) = 1-—C" (5) 


on 


Rs 


an 


Plots of a few useful values of solutions to this equation 
are presented in Fig. 2. 

If a system reliability of 99.0% is required using 100 
parts in series, each part would need be 99.99% reliable. 
However, it could be replaced with 200 parts in series 
parallel, each one of which was 99.0% reliable or with 
300 parts in series parallel, each of which was only 95% 
reliable. By applying parts in parallel only to the more 
unreliable parts in the system, it is possible to achieve 
system reliabilities which might otherwise be hopeless. 

Parts Values. By applying the ideas presented in the 
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previous paragraphs, it is possible to derive a minimum 
value for improved reliability. From equation 5 for 
parallel parts: 


C"=1— Ry, (6) 


If it is assumed that the minimum value of a part is 
equal to the number of identical parts in parallel that 
it can replace to provide the same system reliability, 
then the exponent n in equation 6 can be replaced with 
avalue = J, 


, 


CY = (1 — Ryn) (7) 


log, (1 — Ryn) 


V = loge (1 — Rea) = ————_—_— 
= log, (1 — R) 
This can be expressed also as follows: 


log, (1 — Final reliability) 
Minimum Value = a ae rae 
log, (1 — Initial reliability) 

Plots of such minimum values have been prepared 
as Fig. 3. The study of this figure reveals that a 99% 
reliability part is worth no less than 3.8 times as much 
as a 70% part and that a 99.9% part is worth a minimum 
of three times as much as a 90% part. Further, a 99.99% 
part has a minimum worth of only two times that of a 
99%, part. It is simple to make great initial strides 
toward perfection by paralleling a few poor parts, but 
again it is soon found that final assurance of perfection 
is an elusive thing that cannot quite be purchased by 
paralleling imperfect parts. 

The values listed in Fig. 3 are minimum values in the 
true sense of the word. They are based upon the alterna- 
tive of simply paralleling parts. Almost never is it pos- 
sible to parallel two or more parts without additional 
costs. 

It should not be considered that these curves apply 
primarily to economic value. They can be applied to 
costs, weights, cubic volumes, or whatever characteristic 
is the controlling factor. 

Since the analysis of series and parallel parts was 
based upon several simplifying assumptions the parts 
value equation is oversimplified too, but the concept is 
sound. 

Heterogeneous and Homogeneous Systems. The pre- 
vious discussions of parallel and series parts in a system 
were based upon the very unlikely system in which all 
the parts were equally reliable. System made up of non- 
uniform parts are far more likely and far more difficult 
to evaluate. A few brief remarks will suffice to explain 
such systems in a qualitative manner, For series opera- 
tion of parts, it is well known that “one bad apple spoils 
the whole barrel.” No amount of effort spent on the 
100 strong links in a chain will prevent the weak one 
from breaking. Mathematically, this is not the whole 
story but if there is a seriously weak part, then the most 
effort should be directed to making it strong enough to 
suffice for the system before the stronger parts are worked 
upon. 

The only problem remaining then is to be able to 
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define and select the weakest parts so that they can be 
singled out for effort. From the discussion on series parts 
we return to equation 1: Ry, = (R,) (R.) (R,). .- (Rwy)- 
The reliability of a first system made of parts can be 
written 


Ry. = (R:) (R2) (Rs) (Rd). . . (Re) (9) 


By replacing only the last of those parts with a reliability 
of R, instead of R, then: 


Ry, = (R:) (R2) (Rs) (Rd) (Ry) (10) 


The ratio of these two system reliabilities is 


Re, (R:) (Rs) (Rs) (Ro)... (Re) Rs 
Spe (11) 
Ry, (Ri) (R2) (Rs) (Ra)... (Ry) Ry 

Thus, it is evident that in a nearly homogeneous sys- 
tem, the ratio of the system reliability is the same as the 
ratio of any two comparable parts. Further, it is evi- 
dently true for heterogeneous systems also if “compar- 
able parts” exist. 

Thus, if one is to single out a part having 99.90% 
reliability and improve it to 99.99%, the system re- 
liability might have been improved from 80.00% to 
80.08°%. In the same system, if one is to single out a 
part having 81% reliability and improve it to 86%, the 
system reliability improve from 80.00% to 
84.94%. In the latter case, the results of the effort is 
much more apt to be attractive. 


would 


In general, it can be concluded that the parts in a 
system that have contributed to the system failure will 
have attracted attention in rough proportion to their 
need for effort. 

TESTING 

‘THERE IS A WIDELY ACCEPTED ADAGE to the effect that 
quality cannot be tested into a product. It is true that 
the physical qualities of a product are seldom improved 
by testing, but such qualities as reliability are established 
only by testing (or the field experience which is in some 
ways the best test of all). Reliability is based upon con- 
fidence and trust in a product. Thus, this quality not 
only can, but should be tested into a product. Inasmuch 
as testing is such an integral part of the establishment 
of reliability, the previous discussions have contained 
several comments concerning proper testing. This im- 
portant part of reliability should be reviewed again. 

The complete testing of a device or system to establish 
its comparative reliability and to monitor the reliability 
during production is exemplified by the type testing and 
sample testing used in many military type specifications. 

Object of Reliability Testing. It is imperative that two 
aspects of reliability be kept in mind during the devising 
and conducting of tests designed to establish and control 
reliability. The shape of the per cent in service vs time 
curve must be established during the type test and con- 
trolled during production testing. The tests must be so 
devised that any significant changes in the shape of this 
curve are brought to the immediate attention of the 
design and manufacturing agencies. 
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The over-all reliability during the entire period of 
time of use of the product must be established and con- 
trolled. Shortening the life test of the product is 
generally based upon the assumption that the shape of 
the reliability curve is known; sometimes, the assump- 
tion is that the life curve is exponential. This latter 
assumption is the equivalent of assuming that there is 
no wear-out mechanism active in the desired life period. 
Such assumptions can only be truly justified by actual 
tests, thus making it necessary to conduct some type of 
full length life test. It is sometimes possible to use quite 
small life test samples to detect wear out by examining 
in detail all failed parts. 

Method of Testing. The accepted method of evaluat- 
ing probable success or failure is to draw a small control 
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Fig. 3. Minimum value for improved reliability. 


sample from a supposedly homogeneous family and 
assume by examination of the small sample, that the 
probability of each member of the family corresponds to 
the probability discovered. This method of test is far 
from perfect but provides the only known method of 
numerical evaluation. Since 100% life testing of a prod- 
uct would result in perfect test data but no products, 
only the method of scientific sampling can result in both 
products and confidence. 

Life Testing. The design of life testing to provide the 
data for reliability curves must be carefully planned and 
executed. For example, life testing a few items (1 to 10) 
is an unsure method at best, but unless the shape of the 
reliability curve can be rather firmly established before 
the test is started, it is not only worthless but can be 
downright misleading. 

Widely scattered data that is obtained from such 
tests is worthless except when combined with much 
more of the same. The effort should be concentrated in 
testing the largest feasible number of samples to a time 
interval that will provide a small safety factor over the 
intended life. Of course, this shortest test interval fre- 
quency becomes a lifetime; or even when much shorter, 
it is far too long to await the completion of the test be- 
fore delivery of the equipment. 
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The use of accelerated life testing to shorten the 
test interval is an ever-present requirement. It is im- 
portant to understand that such methods result in 
useful data only when the laws governing the life are 
well established. Thus, it can be seen that accelerated 
life testing is only truly applicable to comparatively 
simple devices or systems. Even at its best, this type of 
testing tends toward subjective reliability and will 
seldom provide good numerical reliability data. It does 
seem quite adequate for some comparative reliability 
testing. It is especially useful when several of each of 
two systems are subjected to identical accelerated life 
tests and the results compared. Such tests are only valid 
when both systems follow identical laws. Also, statistical 
evaluation of the significance of the test results is im- 
perative, 


SYSTEM DESIGN FOR MAXIMUM RELIABILITY 


IN CONCLUSION, a brief review of each of the major 
aspects of reliability and how they fit into system design 
will be provided. The problem of system design to pro- 
vide the maximum reliability is almost always compli- 
cated by other controlling factors, such as economics, 
time, weight, and space. In spite of these limiting fac- 
tors, a review of the principles previously set down can 
be used to provide a guide for improving system reli- 
ability. 

Predictability. Not only must the system itself be 
predictable, but each major subdivision and all the com- 
ponents must have predictable behavior patterns. Part 
of the system design for maximum reliability then calls 
for the education of the users, if necessary, as well as 
the search for the simplest methods of solution. If it 
cannot be easily explained in the instruction book, it 
probably will be subjectively unreliable. 

Assessability. The system and its parts must have 
assessability. Simple provisions for attaching the neces- 
sary test equipment and sometimes the proper test 
equipment itself must be provided and adequately cali- 
brated before reliability can be achieved. A simple 
straightforward set of specifications and test procedures 
must be provided as part of the system design before 
reliability can be guaranteed. All unnecessary inter- 
mediate specifications and junction point measurement 
must be deleted lest they result in unreliability of a 
complex system which would otherwise be reliable. 

Parallel and Series Parts. A skillful blending of paral- 
lel parts interposed at the weak points in a system of 
series parts must be made. These “parallel parts” can 
be achieved in several manners not at first apparent. 

Simple overload capacity of a weak part is the equiva- 
lent of parallel operation. A feedback system capable of 
automatically redistributing a portion of the burden of 
partial failure is somethimes equivalent to parallel op- 
eration. The application of the small difference theorem 
to the system design results in improved system reli- 
ability in a manner analogous to parallel operation. 
Null balance systems, servo systems, etc., apply this tech- 
nique to achieve added measure of accuracy per unit 
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reliability. The deliberate shifting of the major respon- 
sibility for system stability, or reliability to a component 
of known quality while enclosing the unknown or un- 
reliable parts in a feedback loop or in some noncritical 
part of the system has the same effect as reducing the 
number of series parts. Careful examination of the sys- 
tem to determine which parts are in parallel and which 
are in series, must be made. As it was pointed out, a 
part can be in parallel for partial failure and in series 
for total failure. This is generally true of parts in feed- 
back systems. 

Homogeneous and Heterogeneous Systems. The 
adoption of as nearly a homogeneous system as possible 
will improve subjective reliability even if it offers 
nothing except the reduction in the number of laws, 
specifications, or tests. It can frequently provide im- 
proved measured reliability through better parts, better 
tooling, or better control of processing or manufacture. 

Past Experience. For some systems, where it would 
be impractical to construct or test enough identical sys- 
tems actually to measure the reliability, it is necessary 
to pattern the work closely on past experience. Thus, 
it is almost essential that such systems be more or less 
minor modifications of existing well-tested systems; or, 
at most, a fusion of several such highly reliable systems. 
By this means, the subjective reliability can be estab- 
lished by the pari-mutue! method. 

Maintenance. Careful consideration must be given 
to the manner in which maintenance and adjustment 
effects reliability. A careful plan for periodic mainte- 
nance may be an essential part of system design. Even 
the definition of reliability is dependent upon the main- 
tenance to be given the equipment. It should be noted 
that parallel operation or overload capacity can fre- 
quently be substituted for good maintenance (i.¢., in- 
creased reliability) in a system that is properly designed. 
This is especially true for partial failures. For example, 
if two or more parts capable of overload are arranged 
in parallel and connected with independent fuses (or 
equivalent) then the failure of any one of them can be 
made to constitute only a partial system failure. The 
system will isolate its faulty parts automatically and, 
thus, be more reliable while requiring less immediate 
attention to maintenance. 


SUMMARY 


THE FIRST PART of this discussion covered mainly sub- 
jective reliability and some definitions. It was noted that 
subjective reliability must be created in the minds of 
the user and purchaser as well as measured reliability in 
the equipment, but it is self-evident that only properly 
designed equipment can ever succeed at becoming 
known as reliable. The designer can and must provide 
the potential reliability in his designs. The actual field 
reliability is a problem involving many other persons 
and factors. Such field reliability cannot be expected to 
rise above the work of the designer, but to achieve 
maximum reliability all available factors must be ex- 
ploited, thus the designer does not stand alone. 
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Current-Carrying Capacity of ACSR 


Hi. E. HOUSE 
MEMBER AIEE 


HE CONTINUOUS current-carrying capacity of 

transmission lines is dependent upon the allowable 
temperature of operation of the conductors. A great 
deal of test work has been performed in the investiga- 
tion of this problem on ACSR (aluminum cable, steel 
reinforced). However, two factors—the effect of the sun 
and of the altitude of the line—have not received con- 
sideration heretofore. 

The effect of sun may be noted in appreciable sag- 
ging errors in the stringing of large conductors when 
air temperature rather than actual conductor tempera- 
ture is used for determining the sag. 

In the determination of a suitable method of calcu- 
lation it is desirable, of course, to reduce arithmetical 
work to a minimum, but the simplification must not 
produce substantial errors. Transmission lines are often 
so long that weather conditions may vary widely from 
end to end, as may the amount of conductor weathering 
along the line. Thus, for example, if a part of the line 
is bright conductor in a sunny area and part is well- 
blackened conductor in a cloudy area, the permissible 
current will be determined by the bright-conductor sec- 
tion although, as may be seen from Fig. 1, the allowable 
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Fig. 1. Current-carrying capacity of ACSR with various surface and 
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P. D. TUTTLE 
MEMBER AIEE 


current may be substantially greater, for the same total 
temperature, for the black conductor. 

Another factor is the effect of altitude on tempera- 
ture rise. At high altitudes, the heating effect of the sun 
is more pronounced and the cooling effect of the air is 
less, so that the capacity of high-altitude lines is re- 
duced from what is an allowable load at altitudes close 
to sea level. 

The electrical conductor laboratory of Alcoa Research 
Laboratories has made a large number of tests in order 
to obtain experimental data for checking the suitability 
of various formulas for determining temperature rise. 
The various factors—convection, radiation, conductor 
surface, sun effect—were then taken and combined into 
as simple a formula as would give computed results 
consistent with the test results. 

The final formula is 
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= conductor diameter, inches 
wind velocity, feet per hour 
air density, pounds per cubic foot 
air absolute viscosity, pounds per hour-foot 
air thermal conductivity, watts per square foot-degree C 
conductor temperature, degrees C 
ambient (air) temperature, degrees C 
emissivity constant of the conductor surface 
te + 273, degrees Kelvin 

= t, + 273, degrees Kelvin 

= heat gain from the sun, watts per square foot 


The renewed interest in current-carrying capacity has 
been the result of a shift in the time of the yearly 
peak load. In many cases, the growth of air-condition- 
ing load has resulted in more utilities having their peak 
loads in midsummer, when conditions for overloading 
are least favorable. For adequate design for these loads, 
reasonable knowledge of the sun effect is required, and 
this effect is considered here. At the same time, the other 
factors involved have been examined and a formula 
presented that may be used with confidence by the op- 
erating engineer in setting up permissible loadings and 
by the transmission engineer in the design of new lines. 
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Harold S. Black 
1957 Lamme Medalist 


History of the Medal 


H. I. ROMNES 
FELLOW AIEE 


HE LAMME MEDAL, being awarded to a distin- 
cee member of the Institute today, was estab- 
lished by Benjamin Garver Lamme in his will. The 
purpose of the award is to give deserved recognition 
to a member of the Institute who has shown “meri- 
torious achievement in the development of electrical 
apparatus or machinery.” This achievement may be in 
any field of application. 

In considering candidates for the award, the Insti- 
tute has always exercised the greatest care to insure 
the fulfillment of Mr. Lamme’s intent in establishing 
it. The type of “meritorious achievement’ mentioned 
in the deed of gift is, therefore, very clearly defined. 
It is taken to mean an accomplishment that has re- 
sulted, or will result, in the production of substantially 
improved electrical apparatus or machinery. It may be 
the development of (a) theory, (b) characteristics of 
materials employed, (c) over-all design, or (d) other 
ways which provide substantial improvement in the 
indicated field. The “electrical apparatus or machinery” 
is defined as a “discrete and self-contained device,” 
which may be part of a system, but not a whole system. 

Benjamin Lamme was a brilliant design and de- 
velopment engineer—a modern pioneer in his field. His 
own accomplishments, which are well known and re- 
corded, were recognized by the AIEE when he was 
awarded the Edison Medal in 1919. 

In addition to his professional accomplishments, Mr. 





Presentation and acceptance addresses made at the ceremony awarding the 
Lamme Medal which was held during the AIEE Summer General Meet- 
ing, Buffalo, N. Y., June 22-27, 1958. 
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Lamme was a highly respected teacher of engineering 
in his company. It was his hope in instructing young 
engineers, not only to impart the benefits of his wide 
knowledge and experience (although this was certainly 
important), but to inspire in his students the desire 
to “look to the future” continually and consider ob- 
stacles merely as challenges to be met and overcome. 
If his philosophy can be stated in a single sentence, 
the quotation inscribed on the medal which bears his 
name, is that sentence. It reads, “The Engineer views 
hopefully the hitherto unattainable.” This is the type 
of philosophy which breeds progress, and without 
which, many of the technological advances that are so 
much a part of our life and work today would not 
have been achieved. Indeed, the ability to look ahead— 
to design and build for the future—is a necessary at- 
tribute of the true engineer. He adhered to this ideal 
throughout his life, and in his will provided a means of 
giving suitable recognition to those who, like himself 
managed to attain the “hitherto unattainable.” 

The Lamme Medal is held in high esteem by every- 
one in the engineering profession, and by those outside 
the profession who are aware of its significance. The 
achievements of the recipients have been in many areas, 
ranging from Mr. Lamme’s own field of rotating ma- 
chinery to regulating apparatus and television equip- 
ment. All of the recipients, however, share the dis- 
tinction of having made outstanding and lasting con- 
tributions to their profession and to their country. 

Today we shall have the pleasure of witnessing the 
presentation of the 1957 Lamme Medal to a member 
of the Institute who has played a very important part 
in the development of modern communications. He will 
be the 30th recipient of the award and an eminent 
addition to the list of distinguished medalists. 


Career of the Medalist 


M. J. KELLY 
FELLOW AIEE 


UR SOCIETY is honoring Harold Stephen Black 

by presenting the Lamme Medal to him. Harold 

and I have been associated in research and develop- 

ment at the Bell Telephone Laboratories for more than 

35 years. It is my privilege to outline for you the career 
of my friend, Harold Stephen Black, our medalist. 

Harold was born in Leominster, Mass., on April 14, 
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1898. Upon completion of his training in electrical 
engineering at Worcester Polytechnic Institute in 1921, 
he entered the employ of the Engineering Department 
of the Western Electric Company. This organization 
became a part of Bell Telephone Laboratories, Inc., 
when it was formed in 1925. His entire professional 
career has been as a member of the research organiza- 
tion of the Bell System. 

Harold’s first field of work was in the development of 
transmission systems. He has been an active participant 
throughout his career in the research and development 
programs in the area of transmission and has made 
large and significant contributions to the evolving tech- 
nology. He is endowed with one of the most creative 
and inventive minds of his generation of electrical 
engineers. His creativity and inventive genius have 
been continuous and sustained to this day. Some 55 
United States patents are credited to him, and seven 
patent applications are now pending. Substantially all 
of his inventions have been applied in the develop- 
ment of facilities for communication usage. A major 
fraction of the transmission systems of communications 
and of radio and television broadcast transmitters and 
receivers are dependent on Black’s inventions. 

Although many of Harold’s inventions have made 
great impact, that of the negative feedback amplifier is 
indeed the most outstanding. It easily ranks co-ordinate 
with De Forest’s invention of the audion as one of the 
two inventions of broadest scope and significance in 
electronics and communications of the past 50 years. 

The vacuum tube invented by De Forest and the 
negative feedback principle discovered by Black have 
made it possible to overcome the barrier of distance 
and to interconnect telephones throughout the world. 
Without the stable distortionless amplification achieved 
through Black’s invention, modern multichannel trans- 
continental and transoceanic communications systems 
would not be possible. 

When more and more amplifiers are connected in 
series as is necessary with increasing length of the trans- 
mission path, distortion and instability in the output of 
each amplifier are cumulative and become a major con- 
cern. Because distortion and instability are largely addi- 
tive, unless they are minimized they place a limit on 
the number of amplifiers that may be used in series 
and, thereby, place a limit on the length of the trans- 
mission path. Today, a long transmission circuit such 
as one across the continent may include 1,000 or more 
amplifiers, each one introducing a thousandfold ampli- 
fication and each capable of causing objectionable dis- 
tortion and instability. 

To eliminate the distortion and instability, Black 
took a small part of the output of an amplifier and 
connected it back to its.input in reverse phase. In so 
doing, he reduced the distortion produced by the 
amplifier a thousandfold or more. This negative feed- 
back also decreased the instability occasioned by such 
factors as variation in power supply voltage and elec- 
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tron tube aging. The negative feedback principle is now 
applied almost universally to amplifiers used for any 
purpose. It is no exaggeration to say that, without 
Black’s invention, the present long distance telephone 
and television networks which cover our entire country 
and the transoceanic telephone cables would not exist. 

The application of Black’s principle of negative feed- 
back has not been limited to telecommunications. Many 
of the industrial and military applications of amplifiers 
would not be possible except for its use. Many new 
weapons, such as radar direction of bombing and radar 
control of missiles, are dependent on negative feed- 
back for their success. The development of servo- 
mechanisms theory and its application are extensions 
of Black’s principle of feedback and are generally 
recognized as such. Thus, the entire explosive exten- 
sion of the area of control, both electrical and mechani- 
cal, grew out of an understanding of the feedback 
principle. This principle also sheds light in psychology 
and physiology on the nature of the mechanisms that 
control the operations of animals, including humans, 
that is, on how the brain and senses operate. 

Many of the researchers before Black were aware of 
the need for reducing amplifier distortion in order to 
permit the connection of large numbers of amplifiers 
in tandem. Their only approach, however, and indeed 
Black’s first approach was to try to linearize the tube 
characteristic. I was in charge of electron tube research 
at the time that he was pursuing this course and co-oper- 
ated with him closely in an endeavor to provide an 
adequate linear tube characteristic, but all to no avail. 

In the course of this work, Black attended a lecture 
delivered by C. P. Steinmetz at an AIEE meeting and 
was impressed by Steinmetz’s way of getting down to 
the fundamentals of a problem. As a result, Black re- 
stated his own problem as being that of removing dis- 
tortion products from the amplifier output. Note that 
he had previously attempted to obtain amplification 
without distortion. He now turned to an acceptance of 
distortion in the amplifier output and asked himself 
how to eliminate these products. Following this line, 


“For his many outstanding contributions to 

telecommunication and allied electronic arts, 

especially the invention of the negative feed- 

back amplifier and the successful development 

and application of the negative feedback ampli- 
fication principle.” 
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he observed that by reducing the output to the same 
amplitude as the input and subtracting one from the 
other, he would be left with the distortion products 
only, which could then be amplified in a separate tube 
and used to cancel out the distortion products in the 
original amplifier output. Over a period of more than 
three years Black struggled with the problem, using 
approaches too complex for satisfactory application. 
Finally, a mathematical analysis convinced him that 
by merely inserting a part of the output power into 
the input in negative phase, he could obtain any de- 
sired reduction in distortion products at the expense of 
a sacrifice in amplification. His final mathematical 
analysis was conceived while he was crossing the Hud- 
son River on the Lackawanna ferryboat en route from 
home to the Laboratories. He wrote the equations that 
led to the solution on the back of his newspaper. 

In the course of Harold’s career in research he has 
received many prizes and awards: 


In 1934, he was awarded an AIEE prize for the “best 
paper on theory and practice” for his paper on “Stabi- 
lized Feedback Amplifiers.” 

He was honored in 1940 by the National Association 
of Manufacturers as a “Modern Pioneer” in “recogni- 
tion of distinguished achievement in the field of science 
and invention.” 

In 1941, the John Price Wetherill medal of the 
Franklin Institute was awarded “. . . for his technical 
contribution to the efficiency of modern long distance 
telephony.” 

In 1946, a Certificate of Appreciation was awarded to 
him by the War Department in recognition of contribu- 
tions during World War II. 

In 1952, he received the annual award of the Re- 
search Corporation for contributions to science. This 
was in recognition of his many inventions, with the 
negative feedback amplifier given special mention, and 
his record of contributions in the communications field. 

In 1955, Worcester Polytechnic Institute, his alma 
mater, awarded him an honorary degree of Doctor of 
Engineering. 


He is the author of many technical articles and, in 


HAROLD S. BLACK (center left) receiving the 1957 Lamme Medal Award 
from AIEE President W. J. Barrett (center right) as H. |. Rommes (right), 
chairman of Lamme Medal Committee, and Dr. M. J. Kelly tleff) 
look on. 


Lamme Medalist 


1953, of a book called “Modulation Theory,” which is 
regarded as the definitive writing on this subject. 

While Harold has always been driven in his work by 
an unbounded enthusiasm and a dedication that brooks 
no interference to the solution of the problem at hand, 
the warmth of his personality, his charm, and the high 
level of his integrity have brought an ever widening 
circle of friends and admirers. As one of them, I con- 
gratulate him today on his receipt of this honored 
medal and tell him that we at Bell Laboratories know 
that there are contributions yet to come that will bring 
added distinction and new awards. 


Invention in Engineering 


H. S. BLACK 
FELLOW AIEE 


AM DEEPLY HONORED and grateful to be 

awarded the 1957 Lamme medal. Throughout the 
years, the high prestige and importance of this award 
have been augmented by the outstanding creativeness 
and distinguished achievements of previous award win- 
ners. It is indeed a great privilege to be included among 
those so highly honored by the Institute and it is with 
much pride and humility that I accept the Benjamin 
Garver Lamme Medal. 

I sincerely feel that acceptance of this award is an 
acknowledged tribute to my many colleagues whose 
efforts and co-operation contributed so much to the 
success of the many achievements that Dr. Mervin J. 
Kelly has enumerated. I feel, too, that Dr. Kelly's gen- 
erous praise and expression of friendship have indeed 
profoundly enriched this great honor of today. And 
of this I am sure: in a large measure any success or 
accomplishment of mine is because of my good fortune 
in being associated with an organization that provides 
opportunity and support; factors which contribute 
greatly to an environment designed to encourage cre- 
ative thinking, invention, and discovery. 

Invention in engineering is a broad topic so my re- 
marks will be confined to the 20th Century American 
trend. The past 50 years have witnessed the rapid 
growth of a procedure for fostering invention and dis- 
covery. This procedure is organized teamwork char- 
acterized by a programmatic approach. The team is 
a group of scientists and engineers of proved ability. 
Industry has applied this teamwork procedure to a 
wide variety of functions, including: fundamental 
scientific and engineering research; design and develop- 
ment of apparatus and equipment; and design and 
developmet of complete operating systems. ‘There seems 
little doubt of the success of this method in large indus- 
trial, university, and governmental areas where tried. 

An individual inventor, working for a large organi- 
zation, finds an ideal environment when he is a member 
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of an organized team and is in situations that con- 
front him with a great variety of problems. Here, he 
can consult at a moment’s notice with any one of 
hundreds of famous authorities in diverse fields; each 
day he is stimulated by his many professional contacts 
with his immediate colleagues who have similar scien- 
tific and engineering interests; and at all times he has 
access to the services of well-equipped laboratories, 
instrument various kinds of shops, drafting 
facilities, numerous types of computing machines, li- 


bureaus, 


braries, transcription departments, and all manner of 


helpful services. Last but not least, company records 
which may go back many years are at his disposal. 

These and other factors may be illustrated by my 
own experiences. the story the 
negative feedback amplifier originated, the development 


In retrospect, of how 
of the negative feedback amplification principle, and re- 
lated events stand out as good examples and amplify 
what Dr. Kelly has said. 

The that of a better 
would be a good problem to attack happened back 
in 1923. Motivated by a desire to improve existing 
amplifiers, I noted that a vastly superior amplifier 
characteristic was required in order to achieve far-flung 
carrier telephone systems having many amplifiers in 
tandum, each amplifier handling many channels. Event- 
ually, this broad problem was reduced to the funda- 
mental one of an amplifier output having an unwanted 
component not present in the input. That this un- 
wanted component could be reduced or suppressed was 
demonstrated experimentally. Actually, this demon- 
stration circuit did not use negative feedback and had 
serious practical disadvantages. 

However, satisfied that a solution was theoretically 
possible, a search was started for an innovation that 
would simplify the circuit and perfect its operation. 
One morning, I suddenly experienced a complete un- 
derstanding' of how to achieve this difficult objective 
and, as Dr. Kelly has told you, it happened on the 
Lackawanna Ferry in the year 1927. I felt an urge to 
write but had nothing to write on so picked up my 
morning paper. By sheer coincidence one page was 
blank. Here was a perfect set-up, lots of room and fully 
dated. With this to implement my job, I started the first 
written record pertaining to the stabilized negative 
feedback amplifier. Years of study and many failures 
preceded this sudden conception of stabilized feedback. 
Despite immediate recognition of its importance, years 
of additional work were required before it found sub- 
stantial commercial use. 

Very simple mathematics and analytical methods 
sufficed to explain the negative feedback amplification 
principle and the many remarkable properties of the 
negative feedback amplifier. Little time was lost before 
these predictions had been verified by experiment 
and explored in considerable detail. When this material 
was incorporated in the patent application*® it became 
unusually long. The reason for its extraordinary length 
is that the invention was in a new field, the principles 
of which were contrary to certain statements in the 
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then current literature. Thus, the patient had to teach 
a new art: the negative feedback amplification principle. 

Pertinent to invention in engineering is the familiar 
experience that invention fosters research and vice 
versa. In this instance, the demonstrated importance of 
the negative feedback amplifier prompted new re- 
searches by Nyquist and Bode. 

It was appreciated from the beginning that, under 
wrong conditions, a feedback amplifier would develop 
dangerous instability. After learning that my rule for 
avoiding this unhappy result was conjectured to be 
more restrictive than necessary. Dr. Harry Nyquist* 
suggested a more general rule. His rule has become 
known internationally as the Nyquist criterion. Al- 
though this criterion is simple in expression and appli- 
cation, Nyquist’s derivation of it required a mathe- 
matical—physical intuition given to few men. 

Dr. Hendrik W. Bode spearheaded a group of pro- 
fessional mathematicians who developed systematic 
techniques of design suggested by him** whereby one 
could get the most out of a specified situation and still 
satisfy Nyquist’s criterion. 

During the past 19 years, there has been a growing 
recognition that the mathematics of the negative feed- 
back amplifier and the negative feedback amplification 
principle are directly applicable to simple servo- 
mechanisms, provided the system is approximately 
linear. Carried over into the field of automatic control, 
this entire body of mathematics, in effect, fertilizes an 
old field. Ultimately, applications that these extensions 
will open up may be of preponderant importance. 

These reminiscences illustrate that inventions solve 
problems, that sometimes one invention may be the 
genesis of hundreds that follow, that upon occasion an 
invention may lead to the discovery and development 
of a new principle, that invention fosters research and 
vice versa leading to advance after advance, that the 
present-day programmatic approach with its organized 
teamwork both stimulates and encourages contributions 
by individual inventors, and last, that the importance 
of an invention is measured by the difficulty and 
significance of the problem it solves. The most im- 
portant technological advances imply solutions to the 
most difficult problems of our times and, in our con- 
centrated, persistent, enthusiastic efforts to resolve these 
problems we find everlasting encouragement and in- 
spiration in Lamme’s own words: 


“The Engineer views hopefully 
the hitherto unattainable.” 
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Short-Circuit Tests 
on Bundle Conductors 


A. L. MALMSTROM 
MEMBER AIEE 


Corona losses in transmission lines may be re- 

duced by the use of two or more conductors per 

phase, an arrangement often referred to as bun- 

die conductors. Tests made to determine stresses 

on spacers between these conductors are de- 
scribed. 


ONG DISTANCES and ever-increasing difficulties 
in securing rights of way for transmission lines 
have made it necessary to resort to higher operat- 
ing voltages. The Detroit Edison Company is presently 
constructing an extrahigh-voltage line. Such lines pre- 
sent a problem of conductor design because of corona 
losses and radio interferences. These losses can be re- 
duced by increasing the conductor diameter, thereby 
lowering the dielectric stress at the conductor surface. 





Fig. 1. Preformed type of spacer mounted on test span. 


Various methods have been used for increasing the 
diameter without increasing the amount of metal; for 
example, the use of hollow conductors and expanded 
conductors. One type of the latter has a filler, such as 
paper or hemp, between the steel core and the outer 
layers of aluminum. 
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Another method by which corona losses can be re- 
duced is to use more than one conductor per phase. 


This arrangement, referred to as a bundle conductor, 
usually consists of two, three, or four cables, with the 
twin type most prevalent. For a given voltage the in- 
dividual conductors in a smaller as the 
number of conductors is increased. They are electri- 
cally connected to one another and are usually spaced 
from 14 to 18 inches. 


bundle are 


Advantages of a bundle conductor over a single con- 
ductor of the same total cross section are 


1. Reduced corona losses and, therefore, less radio 
influence. 

2. Greatly reduced reactance and increased system 
stability. 

3. Reduced inductance and increased capacitance, re- 
sulting in an increase in the power transfer capacity of 
the line. 


Electrical forces on the bundle consist of electro- 
magnetic attraction, which is proportional to the square 
of the current, and electrostatic repulsion, which is 
proportional to the square of the voltage. The electro- 
magnetic force predominates at heavy current, and when 
large enough (short-circuit conditions) the conductors 
will contact each other. Spacers between the conductors, 
installed approximately 200 feet apart in the span, are 
required to maintain bundle spacing. These spacers are 
expected to prevent the conductors from wrapping 
around each other under fault conditions and also when 
there is intermittent dropping of ice. However, the con- 
ductors may contact each other between spacers unless 
they are installed at closer intervals. 

It is difficult, if not impossible, to calculate the forces 
resisted by the spacers under short-circuit conditions. 
Because no satisfactory test data were available on these 
spacers and the forces to which they are subjected under 
faults, it was decided to set up a test span to measure 
them. Special instruments were designed to measure 
these forces. In addition, the action and performance of 
various types of spacers under short-circuit conditions 
were witnessed and recorded on film with motion pic- 
ture cameras. 


TEST EQUIPMENT AND PROCEDURE 


Test Equipment. In order to test the line spacers 
under simulated field conditions, a special 400-foot 
single-phase bundle span was erected of two 954-MCM 
(thousand circular mil) 45/7 ACSR (aluminum cable, 
steel reinforced) conductors spaced 16 inches apart. The 
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return line was offset horizontally 6 feet and vertically 
The tension 
in each conductor at the time of testing varied from 


13 feet and was of the same construction 


6,500 pounds to 7,000 pounds because of changing tem- 


peratures during the day of the test. To approximate 


actual conditions, a spacer was placed in the center of 
the 400-foot span with the ends of the span rigidly 
anchored and considered as spacers. This was equiva- 
lent to the spacer arrangement being considered for 
future line construction. In Fig. 1, one type of spacer 
that was tested is shown mounted on the test line. 

Test current was obtained by using a spare 24-kv 
position at Warren Station (one of the higher sources 
of fault current) to feed four 3,333-kva, 24/4.8-kv single- 
phase transformers connected in parallel. The trans- 
formers were fed from the 24-kv position by means of 
300 feet of 350-MCM cable. The secondary of the bank 
of transformers was connected to the test line through a 
special secondary switch. The closing of the secondary 
switch was controlled by a synchronous timer which 
closed the switch at voltage zero to obtain maximum 


Fig. 2. Some of the different types of spacers available. 


current offset. The 24-kv breaker was pretripped so that 
the duration of the fauit current was approximately five 
cycles, which is the expected breaker time plus relay 
time on the extrahigh-voltage line. The magnitude of 
the test current was varied by changing the number of 
transformers connected in parallel. The point of volt- 
age at which the secondary switch was closed and the 
fault current were recorded by means of an oscillograph. 


Test Procedure. A total of six tests were conducted, in 
which measurements were made of force on an instru- 
mented spacer installed at the center of the span. In all 
but one of these tests, a strain-gauge dynamometer was 
employed to record the compressive force due to electro- 
magnetic attraction between the conductors and tension 
due to conductor rebound. These measurements were 
made at four values of current, approximately 8,000, 
13,000, 15,500, and 18,500 symmetrical amperes, respec- 
tively. An additional test was subsequently conducted, 
at a current of approximately 18,500 amperes, in which 
the maximum compressive force was measured by means 
of a deflection gauge. 
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Fig. 3. Spacer incorporating strain-gauge dynamometer. 


A series of additional tests were performed in which 
several spacers of various design were each installed at 
the center of the test span and subjected to fault cur- 
rents of various magnitudes. At least one test was con- 
ducted on each type of spacer at the maximum current 
of 18,500 symmetrical amperes, with maximum offset. 
No 
Measurements were made of the dimension between the 


force measurements were made in these tests. 
conductors at the spacer location to determine whether 
permanent deformation occurred in the spacers. These 
spacers, except the preformed type, are shown in Fig. 2. 
Two other types of spacers which were not tested are 


also shown. 


Force-Measuring Instrumentation. Two types of force- 
measuring devices were employed to measure the forces 
imposed upon a spacer by short-circuit currents. One 
was a strain-gauge type dynamometer incorporated in a 


Fig. 4. View of strain-gauge dynamometer showing details 
of magnetic shielding. 
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modified spacer. By recording the output of this 
dynamometer on an oscillograph, a complete record of 
the force throughout a given test could be obtained. The 
second type was a proving-ring type deflection gauge 
that measured only the maximum compressive force on 
the spacer. 


Fig. 5. Deflection gauge used for measurements of maximum 
compressive force on spacer. 


The modified spacer containing the strain-gauge 
dynamometer is shown, as it was installed between the 
conductors, in Fig. 3. A view of the dynamometer with 
the shielding partially removed is shown in Fig. 4. The 
force-sensing element is a machined steel ring to which 
four resistance type strain gauges are bonded. The strain 
gauges are connected together in a push-pull type bridge 
circuit, such that the bridge output voltage is propor- 
tional to either tensile or compressive loading on the 
ring. 

One problem encountered when strain gauges are em- 
ployed in the presence of electromagnetic fields of in- 
tensity is that of eliminating large spurious 60-cycle 
currents in the strain-gauge circuit. Such effects were 
minimized in this case by the provision of 14-inch thick 
steel shielding around the strain gauges and wiring. The 
details of the shielding can be seen in Fig. 4. The 
dynamometer was connected to the recording equipment 
by means of 300 feet of shielded microphone cable. The 
cable was enclosed in thin-wall conduit in the proximity 
of the conductors as a further precaution against spuri- 
ous pickup. 

The deflection gauge is shown in Fig. 5. This gauge 
was constructed with a shaft extending inward from one 
side of an 8-inch diameter steel ring and centered in a 
hollow tube attached to the other side of the ring. Prior 
to a test, a sliding collar on the shaft was positioned in 
contact with the end of the hollow tube. Compressive 
loading on the ring caused the sliding collar to be dis- 
placed toward a fixed collar on the shaft. The maximum 
displacement was determined by inside micrometer 
measurements of the dimension between the sliding and 
fixed collars. The maximum. compressive load was de- 
termined from a calibration relating load and deflection 
of the sliding collar. 


TEST RESULTS 


THE EXTRAHIGH-VOLTAGE LINE is expected to have a 
maximum fault current of approximately 20,000 sym- 
metrical amperes with a maximum momentary offset of 
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1.58 times the symmetrical value. Maximum current ob- 
tained in this test was 18,500 symmetrical amperes with 
average offset of 1.4 times the symmetrical value. 

The results of the six tests in which force was meas- 
ured are shown in Fig. 6, showing a plot of the compres- 
sive force on the spacer against symmetrical current. 
The maximum force recorded was 485 pounds, corres- 
ponding to a symmetrical current of 18,500 amperes. 

A typical oscillograph record of current, spacer force, 
and the point on the voltage wave at which the fault 
was applied is shown in Fig. 7. The symmetrical current 
for this test was 15,500 amperes. The current was in- 
terrupted after 414 cycles. Approximately 0.04 second 
after interruption of the current, the conductors con- 
tacted at locations between the spacer and the ends of 
the span. This event is characterized by high-frequency 
oscillations of short duration on the force trace. The 
maximum compressive force of 330 pounds occurred 
0.07 second later. The subsequent rebound of the con- 
ductors produced a maximum tensile force of 320 
pounds on the spacer. In all tests, the maximum tension 
imposed by rebound of the conductors was approxi- 
mately equal to the maximum compressive force on the 
spacer. 

During the period of current flow, the compressive 
force on the spacer increased at an approximately uni- 
form rate. The 60-cycle variations visible on the force 
trace of the oscillograph record prior to interruption of 
the current represent small spurious induced currents in 





a 








oy 


ua 





Fig. 6. Compressive 
force on spacer vs 
fault current. 
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the strain-gauge circuit, the result of imperfect magnetic 
shielding of the dynamometer. 

With the exception of one type, all the spacers that 
were tested were found to have no noticeable deforma- 
tion from the forces imposed as the result of fault cur- 
rents. The spacer that was unsatisfactory consisted of a 
length of stranded cable between two clamps. This type 
permitted the two conductors to contact each other at 
the spacer clamps when subjected to the compressive 
force accompanying the high current flow. After one 
maximum current test, the stranded cable of this spacer 
was permanently deformed. 
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Another spacer, of the preformed type, was subjected 
to the forces resulting from test currents of 13,000 and 
16,000 three tests at 18,500 


amperes, followed by 





TEST NO 3 











5000 AMPERES-RMS 





Fig. 7. Typical oscillograph record of force variation. 


amperes each with maximum offset. After these tests, 
the spacing of the conductors at the spacer location was 
reduced from 16 inches to 15%e inches. Another pre- 


formed spacer of the same type was subjected to two 
high-current tests, with no noticeable deformation. 


CONCLUSIONS 


1. The maximum compressive force exerted on 16- 
inch spacers installed at 200-foot intervals is of the order 
of 500 pounds for fault currents of approximately 20,000 
amperes. The force increased approximately at the 


square of current. 

2. The tensile force exerted on spacers as the result of 
conductor rebound is approximately equal to the com- 
pressive force caused by electromagnetic attraction. 

3. All except one of the spacers that were tested were 
found adequate, from a strength standpoint, to resist the 
forces imposed by short-circuit currents of up to approxi- 
mately 20,000 symmetrical amperes having maximum 
offset. The type that was not adequate consisted of a 
piece of stranded cable between two clamps. 





Standard Basic Impulse 
Insulation Levels 


AIEE COMMITTEE REPORT 


Since the issue of a report on basic impulse in- 
sulation levels in 1941, additional information 
regarding system grounding practices and maxi- 
mum operating voltages has been made avail- 
able. This new report provides recommended 
values applicable to equipment for use on 
grounded and ungrounded a-c supply systems. 


N 1951, the AIEE-EEI-NEMA Joint Committee on 

Insulation Coordination, after more than 10 years 

of study, issued a report (Edison Electric Institute 
Publication No. H-8; National Electrical Manufacturers 
Association Publication 109; Electrical Engineering, 
vol. 60, March 1941, p. 121) which recommended a 
series of standard basic impulse insulation levels (BILs), 
30 kv through 1,550 kv, inclusive. These recommended 
standard BILs have received wide acceptance and are 
serving a very useful purpose. However, since the 1941 
report was issued, additional data have been made 
available regarding system grounding practices and 
maximum operating voltages. In addition, there has 
been substantial operating experience with equipment 
having reduced insulation strengths. These data and 
experiences warrant a re-examination of these BIL 
values to determine whether changes or additions are 
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required. Also, the trend toward the use of higher 
transmission voltages makes it desirable to determine 
whether higher values should be added. 


SCOPE 


THIS REPORT provides recommended standard BIL 
values applicable to equipment for use on grounded 
or ungrounded a-c supply systems. These basic impulse 
insulation levels are those which have general applica- 
tion and are considered suitable for adoption as Ameri- 
can Standard values. 


OBJECTIVES 


INSULATION CO-ORDINATION has for its objectives the 
establishment of standard BIL values and the specifica- 
tion of insulation strengths of electric equipment in 
terms of standard insulation levels, when such equip- 
ment is applied among the preferred nominal system 
voltages (taking into consideration usual operating con- 
ditions and variations in system grounding practices). 
It is expected that the standard BIL values will con- 
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stitute one of the bases for insulation strength standards 
for many types of equipment. The specific application 
of these standards to this equipment is expected to be 
embodied in the standard specifications for the equip- 
ment in question. 


DEFINITIONS 


DEFINITIONS of certain terms relating to insulation 
co-ordination have been adopted by the Joint Com- 
mittee and are given herein to clarify the meaning and 
intent of this report. 


1. Co-ordination of insulation is the process of cor- 
relating the insulation strengths of electric equipment 
with anticipated overvoltages and with the charac- 
teristics of surge protective devices. 

2. Withstand voltage is the voltage which electric 
equipment is capable of withstanding without failure 
or disruptive discharge when tested under specified 
conditions. 

3. Rated withstand voltage is the voltage which elec- 
tric equipment is required to withstand without failure 
or disruptive discharge when tested under specified 
conditions. 


4. An insulation level is a voltage value expressed 
in terms of a withstand voltage. 

5. An impulse insulation level is a voltage value ex- 
pressed in terms of an impulse withstand voltage. 

6. A basic impulse insulation level is the crest value 
of the impulse voltage which electric equipment is re- 
quired to withstand without failure or disruptive dis- 


charge when tested with a standard 1.5x40-microsecond 
full wave. 

7. A standard BIL is a basic impulse insulation level 
which has been adopted as a standard value in this re- 
port. 

8. Impulse protection level is the maximum impulse 
voltage expected at the terminals of a lightning protec- 
tive device under specified conditions. 


BASIC PRINCIPLES 


THE BASIC PRINCIPLES followed by this committee 
provide the background of the work which has been 
done and an understanding of its purposes. Briefly 
stated, these are: 


1. BILs are designated in terms of the crest value of 
a 1.5x40-microsecond full-wave impulse voltage test 
wave. 

2. The maximum system voltage affects the voltage 
rating of the surge protective device that can be used 
and the maximum value of the tolerable zone is the 
governing value.* 

3. The general principle of insulation co-ordination 





* For this report the values of the maximum voltage of the tolerable 
zone, as enumerated in Table I of American Standard on Preferred 
Voltage Ratings for A-C Systems and Equipment C84.1, have been 
panulated. Although this American Standard does not include nominal 
system voltages above 230 kv, its terminology and philosophy were used 
in selecting the higher nominal system voltages contained in this report. 
The maximum voltage of the tolerable zone, therefore, has been con- 
sidered as being 5 per cent above the nominal system voltage for all 
voltages above 69 kv. 
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requires a suitable margin between the impulse protec- 
tion level that may be held by a surge protective device 
and an associated basic impulse insulation level. 

4. The basic impulse insulation level tabulation 
recognizes the differences in insulation level require- 
ments for grounded and ungrounded systems. 

5. In order to keep the total number of BILs to a 
minimum, the values should be so chosen that, as far 
as possible, each value can be used either for an un- 
grounded system of a certain voltage or for one or 
more grounded systems of a higher voltage. 

6. Assignment of BILs to standard items of electric 
equipment should be the function of those industry 
committees having jurisdiction over standards for such 
equipment. 

7. Equipment represented as conforming to basic 
impulse insulation level requirements shall be capable 
of demonstrating such conformance by suitable tests. 

8. The standard techniques to be used in tests for 
determining conformance of equipment to require- 
ments of basic impulse insulation levels are under the 
cognizance of the appropriate industry committees. 

9. The user should be the judge in the selection and 
application of accepted standard basic impulse insula- 
tion levels to his systems. 


PROCEDURE 


THE ESTABLISHMENT of standard BILs requires the 
determination of the impulse protection level which 
can be provided by surge protective devices for each 
system voltage for the system grounding practices most 
commonly in use. It includes consideration of the maxi- 
mum system voltage and a determination of the maxi- 
mum line-to-ground voltage (both at power frequency) 
expected during faults or abnormal system condition. 
This maximum line-to-ground voltage determines the 
minimum voltage rating of the surge protective device 
that should be used. The impulse characteristics of the 
surge protective device determine the impulse protec- 
tion level at its terminals, and the impulse insulation 
level of equipment should exceed this protection level 
by a suitable margin. 

Usually, the surge protective device is a lightning 
arrester, and the voltage rating of the selected light- 
ning arrester is generally equal to the maximum line- 
to-ground voltage expected to be impressed upon it. 
For example, when such maximum line-to-ground 
voltage approximates the maximum system line-to-line 
voltage, the arrester having such voltage rating is desig- 
nated as one having a 100 per cent rating, or it may be 
called a “100 per cent arrester.” Similarly, arresters 
having other voltage ratings such as 80 per cent and 
75 per cent of the maximum line-to-line system voltages, 
respectively, are called 80 per cent and 75 per cent 
arresters, respectively. 


BASIC DATA 


THE BAsic DATA and philosophy for the determina- 
tion of maximum tolerable operating voltages expected 
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are provided in American Standard on Preferred 
Voltage Ratings for A-C Systems and Equipment, C84.1, 
issued in 1954. These maximum tolerable operating 
voltages together with the information provided by the 
third report of the AIEE Subject Committee on Present- 
Day Grounding Practices (AIEE Transactions, vol. 66, 
1947, pp. 1525-48) have been used to determine the 
voltage ratings of lightning arresters generally appli- 
cable to the various system voltages for grounded and 
ungrounded systems. 

The surge voltage which can appear at the terminals 
of a lightning arrester is determined by the impulse 
sparkover characteristic and the discharge voltage across 
the arrester during discharge of surge current. Signifi- 
cant reductions have been made in the sparkover and 
discharge voltage characteristics of lightning arresters 
since the 1941 report was prepared. In accordance with 
national standards, the impulse sparkover voltage 
characteristics of lightning arresters are based on a 
voltage wave having a rate of rise of 100 kv per micro- 
second per 12 kv of arrester rating. The discharge 
voltage characteristics are based on discharge currents 
having crest values of 10x20-microsecond current waves. 
In arriving at the standard BIL values given in this 
report, maximum values of impulse sparkover voltage 
and discharge voltage at a given current have been con- 
sidered. 


MARGIN BETWEEN IMPULSE PROTECTION LEVELS 
AND BILS 


IN ADDITION TO USING maximum values of impulse 
sparkover voltage and discharge voltage of lightning 
arresters in the determination of standard BIL values, 
it is also necessary to include a margin between the 
impulse protection level and BIL of equipment. This 
is due to several factors, the more important ones being: 


1. Departure of arrester performance from postulated 
characteristic values because of 
(a) The magnitude of discharge current being 
higher than the postulated value. 
(b) The rate of rise of discharge current being 
higher than that of the test current wave. 

2. Potential difference between the lightning arrester 
terminals and the protected equipment. This is a func- 
tion of such factors as 

(a) Separation distance between the arrester and 
the protected equipment and the effective lead length 
to the arrester. 

(b) Electrical surge characteristics of associated 
connections and equipment. 

(c) Resistance of lightning arrester ground con- 
nections. 

3. Variations in equipment and system conditions. 


NUMBER OF STANDARD BIL VALUES 


THE List of preferred system voltages provides a 
broad indication of the steps of standard BILs that may 
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be required. However, differences in the maximum 
voltage of the tolerable zone, variations in grounding 
practices, and the differences in surge protection usually 
provided for various types of systems and equipment, 
all tend to result in a multiplicity of BIL steps. A care- 
ful balance must be achieved between the advantages 
gained by the standardization of a few well-chosen 


levels and the cost of providing a somewhat higher in- 
sulation level than might be required for certain con- 
ditions. In addition to the insulation level required for 
proper insulation co-ordination, certain minimum levels 
result from practical designs or may be required to 
meet other conditions such as corona, radio inter- 
ference, insulation life, abnormal dynamic voltage, and 
switching surges. These factors have been taken into 
consideration in arriving at the recommended standard 


steps. 
STANDARD BIL VALUES 
TaB_e I provides a list of the standard basic impulse 


insulation levels which have been adopted as a result 
of this work. They are expressed in terms of the crest 





Table I. Standard Basic Impulse Insulation Levels* 





30 95 350 825 
45 110 450 900 
60 150 550 1050 
75 200 650 1175 

250 750 1300 


1425 
1550 
1675 


1800 





*Withstand crest value in kv of a standard 1.5x40-microsecond full-wave 
impulse 
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value of a 1.5x40-microsecond full impulse voltage test 
wave and recognize the differences in insulation level 
requirements for the preferred nominal system voltages 
and present-day neutral-grounding practices. 


NONSTANDARD BIEL VALUES 


Ir 1s RECOGNIZED that the standard BIL values in 
Table I may not apply to all equipment. BIL values 
are not now specified in the standards for the low- 
voltage windings of transformers for furnaces, syn- 
chronous converters, and rectifiers; for rotating ma- 
chines; nor for industrial control and other low-voltage 
equipment. 

Also, while it is expected that the values of Table I 
will be selected for nearly all equipment standards, 
there will unavoidably remain certain cases where 
limited exposure to damaging overvoltages, types of 
insulation, economic, and other considerations justify 
nonstandard BIL values. This is recognized in the ac- 
cepted BIL requirements for some types and ratings of 
lightning arresters; 600-volt roof, floor, and wall bush- 
ings; and dry-type distribution and power transformers. 
Standard BILs may not apply to equipment having 
integral surge protective devices. The BIL values speci- 
fied in the standards for such equipment are not suf- 
ficiently accepted to justify their inclusion in the table 
of standard BILs. 
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Pictorial Review 


AUTOMATIC, high-speed letter mail sorting is 
being done by a laboratory prototype machine 
developed by Rabinow Engineering Co., Takoma 
Park, Md., sponsored by the U. S. National Bu- 
reau of Standards (NBS) for the U. S. Post Office 
Department (PO). Designed to sort at a 36,000- 
letters per hour rate into many categories, di- 
rected either by built-in electronic control, hu- 
man operators, or a combination of both, the 
system is of modular design and, thus, adaptable 
to the varying sorting complexity and spatial re- 
quirements of different post offices. The machine 
has proved successful in laboratory tests, and the 
PO recently ordered construction of a_ 1,000- 
pocket production prototype. 

Iwo basic problems are involved in mecha- 
nized letter sorting—first, the information content 
of the address and the mechanics of the control 
that must be provided by some computer-like 
device for directing the mail sort; second, the 
physical handling of mail. The envelopes used 


today and their contents obviously are not designed for mass machine handling. 

Work on these problems at the NBS has proceeded along several lines. Data have 
been and are being collected in representative cities to form an engineering basis 
for the system and machine design. These data include such items as the general 
nature of the mail, ie., size and shapes of envelopes, percentage of handwritten vs 
typewritten mail, and range of color of envelopes; number of letters handled daily 
and their distribution by times of day; and nature of distribution of local and out- 
going mail. Studies are under way on methods of converting the written or printed 
address into a code printed on the envelope either with visible or invisible inks, 
or with magnetic materials. Development of special phosphorescent inks for this use 
is also in process. ‘ 

Over-all view from three angles of the Rabinow laboratory prototype machine is 
seen in the first three pictures on this page. It consists essentially of a large 
number of pockets on an endless conveyor. Electromechanical equipment controls the 
dropping of a letter from a pocket into a specific fixed receptacle. As can be seen, 
14 pockets are grouped together into a single unit for convenient conveyor handling. 
Accompanying each conveyor pocket is a steel rod carrying 12 nylon wheels. Each 
wheel can be shifted laterally on the rod into one of two positions. Thus, there are 
2'*, or 4,096, combinations of wheel positions. As the conveyor moves, each set of 
12 wheels rolls over tracks designed to drop into depressions when the correct des- 
tination is reached, thus releasing the letter. 
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Mail Sorting 


The mechanical sorting and coding of letter mail be- 
zins at the code printer, where letters from a stack of 
faced” mail, moved by a conveyor belt, are picked off 
one at a time and mechanically placed in a reading-and- 
coding position in front of an operator (lower left, p. 730). 
Addresses are read and abbreviations typed on the backs 
of envelopes by means of a special printer. : 
Binary form print coding, requiring 6 bits for each 
alphanumeric character, codes outgoing mail merely by ab- 
breviating city and state. Choice depends on whether all 
coding is to be done at initial location or part at final destination, 
and on whether the city to which letter is addressed is or is not 
equipped with automatic machinery. In sorting for local distribution, 
city need not be mentioned, and only street address need be coded. 
Operator chooses one of four possible destinations—local, outgoing, 
airmail, 
or miscel- 
laneous— 
and sends 
coded letter through first sort. Mechanism actuated by push button opens 
a trap door and sets a directing vane so that coded letter drops into 
proper pre-sort when it is released from code printer. 

Top of machine (two notched pictures) where coded mail is placed 
shows electronic “reader” which scans the dot code and is instrumental 
in controlling the delivery of the coded letter to its particular 
nation receptacle. The reading head is located in the 

inserter mechanism immediately preceding point where 
letter is dropped into conveyor. 

Electronic directory translator) receives 
coded, abbreviated address, “looks up” sorting destina- 
tion, and controls delivery to that destination recep- 
tacle. Electronic output code wheel 
setter which sets each group of code wheels on conveyor 
carts to appropriate coded arrangement to drop letter in 
final sort receptacle. Entire sequence involved is ac- 
complished in approximately one-tenth Two 
close-up views (bottom center and below center right) 
show conveyor pockets with their associated code wheels. 

An electromechanical-optical device (lower left, this 


desti 
reader-feeder 


(memory or 


directory drives 


second. 


page) especially designed to meet require- 
ments of the sorting machine, the elec- 
tronic directory converts the 64-bit code 


fills the holes. Some holes are punched 
out for directory address conversion data. 
When the code contains the conven- 





information into a 12-bit code correspond- 
ing to the conveyor receptacle. The direc- 
tory consists of a stack of 64 thin plates 
of stainless steel, each approximately 1 
foot square. Each plate has etched into 
it 40,000 small round holes, about 1/30th 
of an inch in diameter, spaced on 1/16-inch 
centers. Plates are so suspended that they 
can be moved electromagnetically 1/16 
inch from left to right. Opaque black ink 
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tional full 64 dot positions, if each plate 
moves to the right when the dot is present 
but remains stationary when the dot is ab- 
sent, then each address will cause the 
plates to move into a unique set of posi- 
tions. Phototubes, each scanning a 3- by 
4-inch area of the plate stack, permit the 
light to reach any desired combination. 

Destination receptacles (lower right) are 
seen at bottom of machine into which 
letters are sorted. Special provisions en- 
able conveyors to be stacked in various 
arrays so that letters can transfer from one 
conveyor to another for multiple sorting. 
It is possible to sort letters by short con- 
veyors and use several successive sorts. The 
memory in its present form could handle 
a city of 100,000 to 200,000. 








INS TPES TE ACTIVITIES 


ATEE Pacific General Meeting 
Offers Program of Wide Interest 


THE 1958 AIEE Pacific General Meet- 
ing to be held in Sacramento, Calif., 
August 19-22, will offer a program and 
activities that will appeal to all interests. 
Headquarters for this meeting will be the 
Hotel Senator. A rich and interesting tech- 
nical program is assured. Six inspection 
trips of both general and technical interest 
including a trip to one of the world's 
largest rocket plants, will complete the 
program. Excellent, diversified entertain- 
ment is planned for the ladies, and special 
activities for students will round out the 
schedule. Arrangements have been made 
to accommodate the children of parents 
wishing to attend. 

Historic Sacramento, capital of Califor- 
nia, serves as a gateway to nearby points 
of interest—San Francisco, Lake Tahoe, 
Yosemite National Park, and Reno, Nev. 
Geographic and climatic advantages of 
Sacramento combined with other outstand- 
ing tourist attractions in Northern Cali- 
fornia offer an excellent opportunity to 
combine a business trip to the meeting 
with a family vacation. 


General Session 


At the general session, to be held in the 
Empire Room of the Hotel Senator, Tues- 
day morning at 10 a.m., members will be 
addressed by AIEE President L. F. Hicker- 
nell. Featured speaker will be C. C. Whel- 
chel, chief mechanical engineer, Pacific 





Gas & Electric Company, who will discuss 
“Future Thermoelectric Power Plants on 
the System of the Pacific Gas Electric 
Company.” H. O. Banks, director, Califor- 
nia Department of Water Resources, will 
discuss “Power in the California Water 
Plan.” 


Technical Sessions 


The highlight of this four-day meeting 
will be the technical program, notable for 
a variety of subject matter as well as timely 
and interesting papers. A tentative sched- 
ule of technical sessions follows. (Titles of 
papers will be published at a later date.) 


Tuesday, August 19 
9:00 a.m. General Session 


2:00 p.m. Afternoon Sessions 
Rotating Machinery and Relays 


Computing Devices 
Power Generation 


Wednesday, August 20 
9:00 a.m. Morning Sessions 


Industrial Power Systems 
Nucleonic and Radiation Instrumentation 
Domestic and Commercial Applications 


2:00 p.m. Afternoon Sessions 


Industrial Power Systems 
Insulated Conductors 
Domestic and Commercial Applications 


ROCKET ENGINE test 
stand of Aerojet-Gen- 
eral Corporation's Sac- 
ramento plant. Pro- 
ducers of equipment 
for the Vanguard, Po- 
laris, Bomarc, and 
Regulus missiles, this 
plant will be visited 
during an AIEE Pacific 
General Meeting in- 
spection trip. 
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Thursday, August 21 
9:00 a.m. Morning Sessions 


Feedback Control Systems 
Substations 
Radio Communication Systems 


2:00 p.m. Afternoon Sessions 


Feedback Control Systems 
Transmission and Distribution 
Wire Communication Systems 


Friday, August 22 
9:00 a.m. Morning Sessions 


Transmission and Distribution 
Power Systems Communications 


Social Activities 


Relaxed informality and fun are to be 
featured in the entertainment program. 
Early arrivals and their wives will be wel- 
comed at an informal “Get-Acquainted” 
gathering in the Gold Room of the Hotel 
Senator on Monday evening from 7 to 10 
p-m. The Gold Room is conveniently close 
to the registration center. 

On Tuesday morning, a coffee hour from 
8:30 to 9:45 a.m. in the Gold Room will 
precede the opening general session. Men, 
ladies, and students are invited. On Tues- 
day evening, an exciting Wine Tasting 
Festival is planned from 6 to 8 p.m. in 
the Empire Room of the Hotel Senator. 
There will be no charge for this event 
which will offer generous samples of a 
wide variety of world-famous California 
wines. 

A limited number of Wednesday night 
tickets, which will be sold at $2.40 on a 
first-come, first-served basis, have been re- 
served at the Music Circus for the stage 
production, “The Most Happy Fella.” 
Produced by the outstanding Lewis and 
Young Theatrical Company and held out- 
doors under a gala circus tent, this novel 
theatre-in-the-round musical will fasci- 
nate both men and ladies. 

A Thursday luncheon featuring an out- 
standing speaker will be held for men 
and ladies at 12:15 p.m. in the Mirror 
Room of the Elks Club. W. H. Pickering, 
director of the Jet Propulsion Laboratory, 
California Institute of Technology, will 
speak on the subject “An Electrical Engi- 
neer Looks at the Space Age.” Tickets 
are priced at $2 each. 

Climaxing the entertainment program 
will be an authentic Hawaiian Luau at the 
Newman Club, Thursday evening. A com- 
plimentary cocktail hour will take place 
from 7 to 8 p.m. The Luau will be served 
by hula girls and beach boys from 8 to 
9 p.m. to the accompaniment of native 
Hawaiian music and entertainment. Danc- 
ing to the American music of Clyde 
Mitchell will follow until midnight. 
Charge for the evening will be $6 per per- 
son. 
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Registration 


rhe registration desk will be located in 
the entrance lobby of the Hotel Senator. 
Facilities for registering will be available 
Monday evening from 7 to 10 p.m., on 
Tuesday beginning at 8 a.m., and daily 
throughout the meeting. 

For convenience, members and nonmem- 
bers should return the advance registration 
card sent with their mailed announce- 
ment. Registration fees payable at the 
meeting are $5 for members and $8 for 
Wives, children, and stu- 
dents will not be charged a fee. 


nonmembers 


Mailed Announcement 


A mailed announcement of this meeting 
will be sent to members in AIEE Districts 
6, 8, and 9. If a copy is desired by mem- 
bers in other Districts, please write to 
E. C. Day, Assistant Secretary for Tech- 
nical Papers and Programs, American In- 
stitute of Electrical Engineers, 33 W. 39th 
St., New York 18, N. Y. 


Ladies’ Activities 


The ladies attending the meeting are 
sure to enjoy the interesting and fun- 
packed program planned for them. In ad- 
dition to the social activities for both men 
and ladies previously listed, the following 
events have been especially prepared for 
the ladies. A coffee hour will be held Wed- 
nesday and Thursday mornings at 9 a.m. 
in Room 240 of the Hotel Senator. Room 
340 will serve as “hospitality headquarters” 
each morning and other posted times for 
those who wish to play cards or relax. 

Tuesday will offer a tour of the Califor- 
nia Governor’s mansion, followed by an 
afternoon tea at the famous Crocker Art 
Gallery. Busses will leave at 1 p.m. from 
the Hotel Senator. Cost will be $1 per 
ticket. 

At 12:30 p.m. on Wednesday, a luncheon 
will be held at the fashionable Sacramento 
Inn. Featured will be a talk by Mrs. Joyce 
Peters, an unusually competent and charm- 
ing lady engineer. A discussion of the 
aims and objectives of the Sacramento 
AIEE Wives’ Club will follow. Tickets 
will be priced at $2. 

On Thursday, the ladies are invited to 
join the men for a trip to the Tide and 
Oxydol Plant of the Procter & Gamble 
Company. Women will be escorted on an 
especially arranged visit of the plant. 
Transportation cost for the bus which 
leaves the Hote] Senator at 2 p.m. will be 
$1 per person. 

Friday will feature a brunch with swim- 
ming and bridge. A nominal charge of 
$2 will be made for this event which be- 
gins at 10 a.m. at the El Mirador Hotel. 


Inspection Trips 


An outstanding program of inspection 
trips of both technical and general interest 
has been arranged. Interested persons are 
urged to make arrangements at the in- 
spection trips desk immediately after regis- 
tration. All trips are scheduled for half- 
days only and the return to headquarters 
will be in time for succeeding events. Men 
will be more comfortable on the trips 
if they plan to wear sport shirts. Spe- 
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FOLSOM DAM AND GENERATING FACILITIES. Rain and snow melting from the Western slopes 
of the Sierra Nevadas drive three 54,000-kw generators. The dam and powerhouse will be seen 
during one of the inspection trips planned for the AIEE Pacific General Meeting. 


cial chartered busses have been secured 
for the trips. Those attending must ride 
these busses to gain admission to the fa- 
cilities to be inspected 

Aerojet-General Corporation (Bus leaves 
Hotel Senator Tuesday, 1:30 p.m., August 
19). Located just a few miles from Sacra- 
mento, this company is believed to be one 
of the largest rocket production facilities 
in the world. Producers of equipment for 
the Vanguard, Polaris, Bomarc, and Regu- 
lus missiles, this plant, which covers 20,000 
acres and employs 7,000 people, will pro- 
vide a most unusual tour. Ticket—$2. 

McClellan Air Force Base (Bus leaves 
Hotel Senator Wednesday, 8:30 a.m., Aug- 
ust 20). Largest of the West Coast air ma- 
teriel centers, this Air Base warehouses, 
maintains, and supplies Air Force equip- 
ment for the Western Continental and 
Pacific areas. Vital in time of war, McClel- 
lan serves now as a major bulwark of the 
nation’s West Coast defenses. 

Seen on this trip will be the Air Force's 
world-wide communications center and the 
jet overhaul, maintenance, and modifica- 
tion shops. Planes that normally can be 
seen on the flight line will include the 
F86, F100, F104, B47, and the large RC121. 
Ticket—$1.50. 

Elverta and Hedge Substations (Bus 
leaves Hotel Senator Wednesday, 1:30 
p-m., August 20). Elverta Substation is a 
principal receiving substation of the Sacra- 
mento Municipal Utility District (SMUD) 
at which power is taken from the US. 
Bureau of Reclamation (USBR) at 230 kv. 
Two 185,000-kva 3-phase 4-winding double 
autotransformers supply both 115-kv and 
69-ky station buses. Four 12.5-mvar 
switched capacitor banks are connected 
to the 69-kv station buses. These banks are 
owned and operated by the USBR for 
transmission voltage control. 

Hedge Substation is now under con- 
struction and most of the physical plant 
will be in place by the time of this trip. 
This station will receive power from the 
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Pacific Gas & Electric Company and 
SMUD’s Upper American River Hydro 
Project at 230 kv. Both the 230-kv and 
115-kv buses are of the ring type. The 
initial installation includes one 230/120- 
kv, 120,000-kva 3-phase and one 230/76-kv, 
160,000-kva 3-phase transformer. The ap- 
proach used in the design of the steel 
structures is quite unique because it forms 
a zigzag pattern. Ticket—$2. 

United States Army Signal Depot (Bus 
leaves Hotel Senator Thursday, 8:30 a.m., 
August 21). The mission of the Sacramento 
Signal Depot is to acquire, store, repair, 
and issue the many thousands of pieces of 
equipment used in communications by 
the US. Army. Equipment seen during 
the tour may range in size from a huge 
mobile radar set weighing many tons to 
a small transistor, only fractions of an inch 
in length. 

The Sacramento Signal Depot acts as a 
distributor, stocking items for Alaskan 
ports, and the Far East Command, and 
may ship to any part of the world. 

The Maintenance Division repairs all 
types of signal equipment and maintains 
special shops for radar, electronics, avi- 
onics, neucleonics, communication, tele- 
vision, teletypewriter, meteorological, and 
radiological equipments. 

An unusual feature seen on the trip 
will be the modern crystal grinding and 
fabrication shops. In this operation, crys 
tals used in various communication equip- 
ments are shaped and ground with great 
precision. Ticket—$l. 

Procter & Gamble Plant. (Bus leaves 
Elks Club Thursday, 2 p.m., August 21). 
This newest Procter & Gamble (P&G) 
plant manufacturing synthetic detergents 
and processing the raw materials used in 
them is located a short 20-minute bus ride 
from meeting headquarters. In the proc- 
ess area, tank car quantities of coconut oil 
are daily processed for shipment to all 
P&G plants in the United States making 
detergent granules, bars, and liquids. The 
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AIEE District No. 13 Officers 


C. P. KNOST (lef?) will 
serve as vice-president 
and M. L. Hurstell 
(right) will be secre- 
tary of the newly 
formed South Central 
District No. 13 of the 


teecéitut tahliched 


August 1, 1958. 








synthetic detergent plant is an integrated 
operation continuously converting liquid 
and solid chemicals into the familiar 
granules for home use. 

automatic controls, both 
pneumatic and electronic, are used to con- 
trol the chemical processes. The packing 
unit which will be seen on the tour has 
the latest in automatic packaging ma- 
chinery and materials handling equip- 
ment. The 106,000-square-foot warehouse 
has the most modern palletless unit-load 
equipment for handling local production 
plus the full line of company products 
which are distributed to Northern Cali- 
fornia, the Pacific Northwest, and over- 
seas. Steam for process use is supplied by 
two 60,000-pounds-per-hour boilers in a 
modern outdoor installation. The 12-kvy 
distribution system to unit substations will 
be shown as part of the tour. Ticket—$1l. 

Folsom Dam and Powerhouse—Old and 
New (Bus leaves Hotel Senator Friday, 
8:30 a.m., August 22). Visited during this 
tour will be the recently constructed Fol 
som Dam and generating facilities. The 
dam, completed in 1956 by the U.S. Corps 
of Engineers, impounds | million acre- 
feet of water. The power plant at the foot 
of the dam which houses three generators 
of 54,000 kw each, was installed and is 
operated by the USBR. 

These generators supply electricity to 
the Central Valley Project whose 230-kv 
transmission lines traverse Northern and 
Central California. The generators, the 
step-up substation and switchyards, and a 
water pumping plant will be included as 
part of the trip. 

A significant highlight of the tour will 
be attendance at a brief ceremony dedi- 
cating the original Folsom Powerhouse as 
a California Historical Landmark. Origi- 
nally set in operation in 1895, Folsom was 
one of the first commercial hydroelectric 
powerhouses to deliver power at a high 
voltage to a distant city. In its heyday, 
3,000 kw, generated at 800 volts, was trans- 
mitted at 11 kv for the unheard of distance 
of 22 miles to Sacramento. The plant was 
operated continuously until 1952 when 
construction of the new dam forced it to 
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shut down. The old plant will be open for 
a brief inspection after the dedication 
ceremony. Ticket—$2.50. 


Hotel Reservations 


Rooms have been set aside at the Hotel 
Senator (meeting headquarters), two other 
downtown hotels, and three outlying mo- 
tor hotels for members and guests attend- 
ing the meeting. Since summer tourist 
traffic is heavy in Sacramento, those who 
plan to attend the meeting should submit 
their requests for room reservations imme- 
diately. Any rooms not spoken for by Au- 
gust 12 will be released for use by the 
general public. Rooms should be requested 
directly from the hotels, and the hotels 
will reply directly to the applicants. The 
room requests should mention specifically 
the AIEE meeting 

The daily rates for rooms with private 
bath at the various hotels are: 


Hotel Senator, 12th and L Streets, Sacramento, 
(meeting headquarters) 

Single $ 7.00-$ 9.00 

Double—two people, one bed ... 9.50- 12.00 

T'win—two people, two beds . .. 10.00- 15.00 

Suite 25.00- 45.00 


El Mirador Hotel, 13th and N Streets, Sacra- 
mento, (three blocks from meeting ead- 
quarters) 

Single $ 7.00-$14.00 

Double—two people, one bed .... 9.00- 16.00 

Twin—two people, two beds .... 10.00- 16.00 

24.00- 30.00 


Californian Hotel, 800 I St., Sacramento, 
(seven blocks from meeting headquarters) 
Single : $ 5.50-$ 6.00 
Double—two people, one bed ... 7.00- 7.50 
Twin—two people, two beds .... 8.00- 9.00 


Capitol Inn Motel, 1130 W. Capitol Ave., West 
Sacramento, (one mile west of meeting head- 
quarters) 

Double—two people, one bed ...$ 9.00-$10.00 

Twin—two people, two beds .... 10.00- 12.00 


El Rancho Motor Hotel, 1029 W. Capitol Ave., 
West Sacramento, (one mile west of meeting 
headquarters) 

Single $ 6.50-$ 8.50 

Double—two people, one bed ... 7.50- 10.50 

Twin—two people, two beds .... 8.50- 12.50 

«+++. 20.00- 25.00 


El Dorado Motor Hotel, 877 Canterbury Road, 
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North Sacramento, (three miles east of meet- 

ing headquarters) 
Single $ 7.50-$ 9.50 
Double—two people, one bed ... 11.00- 12.00 
Twin—two people, two beds .... d 12.00 
- 24.00 


Hawaii Post-Meeting Tour 


An especially planned eight-day post- 
meeting tour to Hawaii has been arranged. 
Honolulu-bound members may fly from 
Sacramento at 9 a.m., August 23, and ar- 
rive in the Islands at 4:30 p.m.—with 
plenty of time for an evening swim at 
beautiful Waikiki. 

On Monday, August 25, the Hawaii Sec 
tion of AIEE will sponsor a one-day pro- 
gram consisting of a general get-together 
session followed by luncheon, inspection 
trips, and an evening social event for both 
ladies and gentlemen. 

Except for the nominal charges for the 
inspection trips and the AILEE sponsored 
social events, the remainder of the stay 
and the air transportation will be included 
in the all-expense tour which is being 
quoted at $345 per person. 

Those interested in this special feature 
are urged to write at once for complete 
detailed information to R. N. Keen, c/o 
General Electric Company, Forum Build- 
ing, Sacramento, Calif. It is important that 
final arrangements and reservations be 
made not later than August 9. 


Student Activities 


In addition to other meeting activities, 
a special students’ and. counselors’ lunch 
eon is planned for Wednesday noon in 
Room 240 of the Hotel Senator. Dr. R. D 
Bennett, manager of General Electric’s Val 
lecitos Atomic Laboratory, will address the 
group. A short period will be allowed after 
the meeting for discussions of mutual in- 
terest. There will be no charge to students 
or counselors for the luncheon. 

Inspection trip tickets may be purchased 
by students in attendance at the meeting 
for the low price of 50¢ for each trip. 


Transportation 


United Air Lines and Pacific Air Lines 
have several flights each day from all di- 
rections to and from Sacramento. 

The Southern Pacific Company and the 
Western Pacific, with interconnections 
with major rail lines, serve Sacramento 
directly. Trips on the Santa Fe which stop 
at Stockton, Calif., 45 miles to the south, 
can be continued by bus, rail, or airline 
to Sacramento. 

Sacramento lies at the crossroads of two 
major transcontinental highways, U.S. 40 
and U.S. 50, and the major Pacific Coast 
inland route, U.S. 99. 


Sports 


A golf tournament is scheduled for 
Thursday afternoon at the Haggin Oaks 
Golf Course. This is truly one of the most 
beautiful courses in Northern California. 
Trophies will be awarded for low gross 
and low net scores, and there will be spe- 
cial prizes for the “duffer” class. Lunch 
will be served at the Club House as the 
first foursome will tee off promptly at 
1 p.m. Greens fees will be $3.50 per person. 
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General Information 


Weather in Sacramento in August is 
quite warm througout the day but requires 
a light wrap for evenings. 

General information may be obtained at 
the registration desk. Mail may be ad- 


dressed c/o Hotel Senator and should be 
claimed at the hotel desk. 

A bulletin board will be provided for 
posting notices and special messages. Pro- 
visions may be made for baby sitting and 
child care. Various forms of recreation 
are available for children of all ages. 


Enthusiastic Attendance at 


National Telemetering Conference 


TrHE EIGHTH ANNUAL National Tele- 
metering Conference was held at the Lord 
Baltimore Hotel, Baltimore, Md., June 2-4, 
1958, with an enthusiastic attendance of 
625. The sponsoring technical societies 
were AIEE, American Rocket Society, In- 
stitute of Aeronautical Sciences, and the 
Instrument Society of America (ISA). Ac 
tive support was provided by the National 
Academy of Sciences—in connection with 
the program for IGY (International Geo- 
physical Year)—and the Military Serv 
ices. 

During the three days of the Confer- 
ence, technical sessions were conducted on 
industrial, mobile air and ground, and 
medical telemetering; two sessions were 
devoted to telemetering in the IGY pro- 
gram; other pickups, 
transistors, data processing, and system 
problems. A classified session was held at 
Fort Holabird, Md., at which telemetering 
and instrumentation problems were con- 
sidered. 

Luncheon meetings were enjoyed on the 
first two days of the Conference. On 
Monday, Gen. Earle Cook, chief of re- 
search and development, U.S. Army 
Signal Engineering Laboratories, spoke on 
“Telemetering Requirements of the U.S. 
Army.” After telling some historical facts 
about how the Army has used telemeter 
ing, he said that future warfare would be 
different from anything that we have seen 
and that the military would be more 
dependent than ever before on obtaining 
all types of information from a distance. 
One of the more important factors men- 
tioned was obtaining weather information 
as far in advance as possible. Another was 
the dispersion of enemy troops and what 
they were doing; this could be secured 
from televised airborne equipment of a 
robot character. Gen, Cook urged his 
listeners to give earnest thought to the 
many military problems of telemetering 
which he outlined. 

Dr. Robert Jeffries, president of Data 
Control Systems, Inc. and the ISA, ad- 
dressed the Tuesday luncheon. He called 
for a new unity of purpose and objectives 
among technical societies in order to do 
a better job in education and research, 
information dissemination, and conference 
techniques. He urged the use of workshop 
seminars along with individual talks and 
a new concept of programming to bring 
genuine scientific information to wider 
audiences. 

Rear Adm. Blinn Van Mater, USN 
(retired), administrative officer of the U.S. 
Committee for IGY, was the speaker at 
the banquet held Tuesday evening; his 


sessions covered 
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subject was “Telemetering in the IGY.” 
After outlining the objectives being sought 
during this 18-month period in which 
66 nations and 10,000 scientists are par- 
ticipating at an approximate cost of $500 
million, he stated, “. telemetry is play- 
ing an important part in each field of 
science being observed; in some areas it 
is playing an essential role. Only with the 
aid of telemetry and high-speed commu 
nications can the gathering of synoptic 
data be so extensive around the earth, in 
the earth, and above the earth. When the 
information is digested, theories will have 
been proved, revised, or scrapped com- 
pletely, opening the door to further ex- 
ploration.” 

Following Adm. Van Mater’s address, 
excellent entertainment was enjoyed by 
the banquet guests. Equally enjoyable 
were the three inspection trips: on Tues 
day afternoon, the Applied Physics La- 
boratory of the Johns Hopkins University 
was visited; on Wednesday, there was an 
all-day trip to the Aberdeen Proving 
Ground’s Ballistic Research Laboratory, 
and in the evening a visit to the Martin 
Company, the prime contractor for the 
Vanguard Rocket. The entertainment for 
the ladies included a visit to McCormick’s 
House of Spice, a fashion show, and a 
sightseeing trip around Baltimore. 

Leading manufacturers in the telemeter- 
ing field showed and demonstrated their 
latest equipment. Many of the exhibits 
tied in with technical papers, which pro- 
vided an opportunity to see the equip- 
ment as well as hear how it is used. 


Technical Sessions 


Some 70 papers were presented at the 
14 technical sessions and the spirited dis- 
cussions following most of the presenta- 
tions indicated the great interest of the 
audience. 

The five papers given in the session 
devoted to medical aspects of telemetering 
were of special interest. One of the out 
standing presentations was by W. F. 
Sutterer, J. W. Kirklin, and E. H. Wood, 
all of the Mayo Clinic, concerning the 
monitoring and continuous recording of 
physiologic variables during intracardiac 
surgery. In all, 23 variables were moni- 
tored, among them being respiration, 
arterial and venous pressures and oxida- 
tion, and body temperature, together with 
an electrocardiogram and an_ electro- 
encephalogram. There were eight variables 
recorded: pressures in the arterial line to 
the patient and in the venous line from 
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the patient; rate of blood flow to the 
patient and over the mechanical lung; 
oxygen saturation; the pH and tempera- 
ture of the arterial blood supplied to the 
patient from the machine. Many of these 
variables involved the use of special trans- 
ducers of the most delicate order, since 
they had to be introduced into the heart 
itself. 

During two sessions devoted to IGY 
telemetering, the subjects ranged from the 
instruments installed in the satellites now 
in space to their tracking by the “fence” 
of radio stations from the United States 
to Chile. An interesting paper, “The IGY 
Program at Ballistic Research Labora- 
tories,” was presented by R. E Prenatt. 
After giving the historical background of 
the two previous international “years” and 
stating what world scientists hope to dis- 
cover during the one ending next De- 
cember, he described the instrumentation 
at Fort Churchill where rockets are 
tracked by three infrared cameras at three 
different nearby points and four DOVAP 
(Doppler Velocity and Position) stations 
He explained the DOVAP telemetry sys- 
tem, which operates on 38.031 mc, and 
how with it the accurate trajectories of 
the missiles can be found. 

“Bathymetry Telemetry” was the sub- 
ject of a paper by J. M. Snodgrass, Scripps 
Institute of Oceanography. Using a bucket 
and a thermometer, Benjamin Franklin 
traced the Gulf Stream and drew a map 
of its course, which was remarkably ac- 
curate with present-day charts. This 18th- 
Century oceanographer was among the 
first in the United States. This phase of 
science has become very important, al- 
though comparatively little known. Tele- 
metry has become an important factor 
in determining the pressure, temperature, 
and other characteristics of the oceans’ 
depths. New electronic instrumentation, 
thanks to Lord Kelvin’s introduction of 
steel wire, enables oceanographers to use 
electronics as a telemetering aid today, 
but the speaker emphasized that new 
ideas were necessary to ascertain the data 
which many companies are demanding at 
the present time. 

In a session on mobile ground telemeter 
ing equipment, Lt. Col. D. H. Vicek, Air 
Force Missile Development Center, N. 
Mex., showed a color moving picture 
describing the telemetering instrumenta 
tion of the 35,000-foot high-speed missile 
test track at Holloman AFB, Alamogordo, 
N. Mex., and its operation. 

The papers presented at this Confer- 
ence have been published and can be 
obtained for $4 from Order Department, 
AIEE, 33 W. 39 St.. New York 18, N. Y. 

The committee chairman for this Con- 
ference were as follows: W. J]. Mayo-Wells, 
teehnical program chairman; G. M. Thy- 
nell, chairman—National Committee; Mrs. 
G. H. Carden, ladies activities; R. R. 
Longwell, entertainment; T. E. Meyers, 
exhibits; T. H. Marshall, Jr., publicity; 
E. T. Loane, attendance; P. L. Betz, chair- 
man—Local Committee;  S. Taborsky, 
meetings; L. R. Heise, field trips; G. P 
Stout, vice-chairman—Local Committee: 
W. B. Mann, secretary-treasurer; and 
T. W. Chase, registration. 
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Manuscript Guide for the Author of a Transactions Paper 


1. Authors Guide. Each prospective author should 


ae Me 


obtain a copy of the 1957 “Author’s Guide” from the 
Assistant Secretary for Technical Papers, American In- 
stitute of Electrical Engineers, 33 W. 39th St., New York 
18, N. Y., before proceeding with the preparation of a 
paper. 


2. Transactions Papers. Formally reviewed technical 


papers, judged on the basis of permanent reference 
value, for publication in the Institute’s official Trans- 
actions. 


3. Manuscript of Paper. Should be typed on one side 
only of 814- by 11-inch white paper. Use new black 
typewriter ribbon ‘and clean type. Erasures are un- 
acceptable on original copy. 


Copies required: Original plus three reproductions. 

Spacing: Single-spaced text, double-spaced between 
paragraphs. 

Title: CAPITALS, underlined, centered at top of 
page. 

Section neadings: CAPITALS, centered. 

Margins: 14 inch at top and sides, and | inch at 
bottom. 

Page numbers: Centered in top margin. 


4. Equations. Those that cannot be typed should be 
in black ink. 

5. Figures and Illustrations. Copies required: Origi- 
nal tracings plus three prints. All drawings, curves, etc., 
must be drawn in black india ink on tracing cloth or 
on good quality tracing paper. 

6. Blueprints. Acceptable for copies only and not as 
originals. 

7. Lettering. On all drawings, lettering should be 
large enough so that, when reduced in size in printing, 
the letters will not be less than %e-inch high. 

8. Captions of Figures. Captions are never repro- 
duced from the lettered drawings. They should be typed 
on a separate page, each one in a block 314 inches wide, 
and separated by at least 2 spaces. These are cut out 


and placed in an appropriate place with the figure 
when the manuscript is reproduced. 


9. Due Date for Manuscripts. Usually, the manu- 
script is due 90 days prior to meeting where it is to be 
presented. For official closing dates, see the Institute 
Activities Section of the latest issue of Electrical Engi- 
neering. 

10. Send Copies to: E. C. Day, Assistant Secretary for 
Technical Papers, American Institute of Electrical Engi- 
neers, 33 W. 39th St., New York 18, N. Y. 

11. Review, Papers are reviewed by the cognizant 
Technical Committee(s). Papers must meet Institute 
requirements as described herein. 

12. Presentation. All Transactions papers must be 
presented at a regular General or District Meeting, or 
Special Technical Conference. When author submits 
paper, he should indicate meeting at which he wants 
it presented. 

13. Preprinting. Prior to the meeting at which they 
are presented, accepted papers are preprinted by the 
Institute for distribution, at cost, to interested persons. 

14. Discusstons. If a written discussion of a Trans- 
actions paper is to be published with the paper, it must 
be submitted (three copies, double-spaced) to Mr. Day 
within two weeks after the meeting. This discussion 
need not have been presented at the meeting. 

15. Author’s Closure. Authors are usually asked to 
reply in writing (closure) to written discussions of their 
papers. 

16. Publication. After presentation, the complete 
manuscript, together 


discussions and 


author’s closure, is published in Transactions. 


with written 

17. Digests. Digests of 1,000 words (less 250 words for 
each figure) are required from the author for publica- 
tion in Electrical Engineering, so that the membership- 
at-large may be apprised of at least the substance of all 
TP’s. They should be submitted to Mr. Day with the 
manuscript, 


Manuscript Guide for the Author of a Conference Paper 


18. Conference Papers. Papers scheduled for a Gen- 
eral Meeting or Special Technical Conference that were 
not offered for formal review; or, if reviewed, were not 
judged to have permanent reference value. 


19. Presentation. A brief abstract or outline of the 
paper must be submitted for approval of the chairman 
of the sponsoring committee, 80 days or more before 
the meeting. 


20. Scheduling. Scheduling the paper is at the spon- 
soring committee chairman’s discretion. Conference 
papers on a certain subject may be solicited by him. 


Institute Activities 


21. Complete Manuscript. Not required before the 
meeting, but if the author submits his paper at least 65 
days before the meeting, in the same form as that re- 
quired for Transactions papers, the Institute will re- 
produce it for preprint distribution. 

22. Distribution. Distribution of conference papers 
by the author is permitted, provided at least 50 copies 
of his paper are furnished to the Institute to supply 
other requests. 





A chart listing requirements for authors and oe rights for AIEE 
papers and articles will be found on the following page. 
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Requirements for Authors and Publication Rights 
for AIEE Papers 


and Articles 


Paper Type Preparation Submission* Review Property of Republishing 








1. Transactions 


. One-page 
Digest of 
Transactions 
Paper 


. Discussion 


. Conference 
{including 


or own pre- 
print) 


. Conference 
(Preprints 
by Institute) 


. Articles 
for 
Electrical 
Engineering 


District papers) 
(No preprint 


Formal—single- 
spaced typing 
in accordance 
with p. 8, 


“Author's Guide” 


Formal—double- 
spaced in ac- 
cordance with 
p. 8, “Author's 
Guide” 


Formal—double- 
spaced typing in 
accordance with 
p. 8, “Author's 
Guide" 


Author's option 


Formal—single- 
spaced typing in 
accordance with 
p. 8, “Author's 
Guide” 


Formal—double- 
spaced typing in 
accordance with 
p. 8, ‘Author's 
Guide" 


*General information on papers may be 


Minimum of 90 days 
prior to presentation 
unless waived by 

Executive Committee 


To TOD when paper 
is submitted 


Within 2 weeks 
after presentation 


Abstract 2 weeks 
prior to day of 
presentation 


Prior to submission 
date listed for that 
conference in the 
appropriate issue of 
Electrical Engineering - 


To Editor as early 
as possible 


beoi 





Institute 


Institute 


Author of Institute 
Transactions 


Paper 


Option of Author 
Technical Committee 
(Usually re- 

quire an ab- 

stract only) 

(See: Submission) 


ditto Author 


Publications Institute 


Department 


Secretary for Technical Papers. 





General Restrictions 


on all Papers 





1. Paper must not be released for outside publication prior to presentation. 
2. No person shall receive monetary compensation from the reprinting of any paper or discussion pre- 


After presenta- 
tion, by release 
from Publica- 
tions Department 
of Institute giving 
full credit to AIEE 


ditto 


Institute name 
not mentioned. 
After presentation 
and provided it is 
not to be pub- 
lished by AIEE 


ditto 


After publication, 
by release from 
Publications De- 
partment of Insti- 
tute, giving full 
credit to AIEE 


sented before the Institute without previous authorization from the Board of Directors. 
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Nonlinear Magnetics and 


Magnetic Amplifiers Conference 


THE 1958 Special Technical Conference 
on Nonlinear Magnetics and Magnetic 
Amplifiers will be held August 6-8, at the 
Statler Hotel, Los Angeles, Calif. It is 
being sponsored by the AIEE, with par- 
ticipation by the Instrument Society of 
America (ISA) and the Institute of Radio 
Engineers Professional Group on Indus- 
trial Electronics (PGIE of IRE). 

The program of this third annual Con- 
ference will include sessions on applica- 
tions, production methods, new horizons 
and analog techniques, and a complete 
session of papers of a tutorial nature. Also, 
there will be seminars devoted to theory 
and design, applications, and computer 
magnetics. It is expected that several 
papers will be presented by foreign 
authors, 


Registration 


Registration facilities will be open on 
August 5, Tuesday, 5:00 p.m. to 9:00 p.m. 
and Wednesday and Thursday from 9:00 
a.m. to 4:30 p.m. The registration fee 
covers unlimited access to the technical 
sessions and the exhibits. 

For further information and registration 
cards, please write Special Technical Con- 
ference, Box 2025, Downey, Calif. 


Exhibits 


Exhibits of the latest in magnetic com- 
ponents and systems will be featured. 
These will be of particular interest to 
those working in the fields of nonlinear 
magnetics and magnetic amplifiers. The 
exhibits will be located in the Statler’s 
Golden State Room. The exhibits will be 
open August 6-8, from 10:00 a.m. to 9:00 
p-m. 


Ladies Program 


Special emphasis has been placed on the 
ladies program. The wives of the Special 
Technical Conference Committee members 
will be on hand to greet, assist, and, gen- 
erally, to make the stay of the ladies in 
Los Angeles an enjoyable experience. 

During the registration period Tuesday, 
August 5 (12:00 p.m. to 6:00 p.m.), the 
Hospitality Room (Dallas Room) will be 
open for the benefit of the ladies. This 
room will be the social center and an 
information center to answer questions on 
Los Angeles and its many facilities. There 
will be a cocktail hour from 6:00 p.m. to 
7:00 p.m. in the New York Room on a 
“pay as you go” basis, for the husbands 
as well as for the wives. 

The program on Wednesday, August 6, 
will get under way at an 8:00 a.m. break- 
fast at the Statler. After breakfast, there 
will be available a chartered bus tour to 
Disneyland. The tour fee of approximately 
$7.50 will include round trip transporta- 
tion, and a book of 10 tickets to the 
Disneyland rides. 

Thursday, August 7, will be highlighted 
for the ladies by tour to the Hollywood- 
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Beverly Hills area. This will include Holly- 
wood, Beverly Hills, Malibu Beach Colony, 
Brown Derby Restaurant, Grauman’s 
Chinese Theater, University of California 
at Los Angeles (UCLA), and Santa Monica 
Beach. Luncheon will take place at the 
world famous Hollywood Farmer's Market. 
The approximate cost of the tour will be 
$4.50. 

Thursday evening will commence with 
a cocktail hour for husbands and wives at 
the Sierra Room from 6:00 to 7:00 p.m. 
followed by a banquet in the Pacific Ball- 
room of the Statler Hotel. The cost of the 
banquet will be $6.50 per person. 

Friday, August 8, will be a time for 
independent trips. The wives of the 
committee members will be on hand to 
provide information and directions to 
tours, amusement points, clothing shops, 
restaurants, and to places of particular 
interest to the children. 


Highlights 


1. Seminars. This novel Conference fea- 
ture will be conducted by three able mod- 
erators—Dr. H. Storm of the General Elec- 
tric Company (GE), Dr. Alfred Krausz of 
Jack and Heintz, and Dr. J. A. Rajchman 
of the Radio Corporation of America 
(RCA). Questions, whether in the fields 
of theory and design, applications, or com- 
puter magnetics, will be discussed by 
leaders in magnetic “know-how.” The 
committee cordially invites participation. 

2. Scholarship. A special feature of the 
Conference will be a scholarship awarded 
in the name of the author of the outstand- 
ing conference paper to the university of 
his choice. 

3. Proceedings. Many outstanding addi- 
tional papers not presented at the Con- 
ference will be published in the Proceed- 
ings. 

4. Foreign Authors. Authors from 
France, Switzerland, and the USSR have 
indicated a desire to present papers at this 
Conference. This will be an opportunity 
to gain an insight into European thinking 
on the subject of magnetics. 

5. Conference Speaker. A _ banquet 
speaker, whose topic will be of interest to 
the ladies as well as the men, will be on 
hand to give an instructive and timely dis- 
cussion. 


Technical Program 
The tentative technical program will be 
as follows: 
Tuesday, August 5 


Registration—Statler Hotel 


Wednesday, August 6 


Morning Session—Tutorial Group 


Chairman: A. B, Haines, Bell Telephone 
Laboratories 


Co-Chairman: H. F, Eckerle, Autonetics 


_ 
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PREPRINT PRICES 


40¢ to Members 
80¢ to Nonmembers 


MINIMUM ORDER by mail $1.20 
unless accompanied by remittance 
or coupons. All nonmember orders 
must be accompanied by remit- 
tance. 


COUPON BOOKS in ten-dollar de- 
nominations may be purchased. 


NUMBERED PAPERS only are avail- 
able. 


SEND ORDER and remittance to: 
AIEE Order Department 
33 West 39th Street, 
New York 18, N.Y. 











The Magnetization Process in Tape-Wound 
Cores. R. C. Barker, Yale University 


Observation of Transients in the Series Con- 
nected Saturable Reactor with High Imped- 
ance Control Source. H. L. Goldstein, Bell 
Telephone Laboratories 

Recommended Symbols for Magnetic Ampli- 
fier Papers. H. F. Strom, GE 


Magnetic Amplifier Circuits—A Classification 
of Half-Wave and Full-Wave Nonreversible 
and Reversible Self-Saturating Circuits. D. L. 
McMurtrie, Raytheon 

58-996 Magnetic Amplier Bibliography 1951- 
56. AIEE Magnetic Amplifier Applications 
Subcommittee 


Afternoon Session—Application of Mag- 
netic Amplifiers and Production Methods 


Chairman: R. W. 
Electric Corporation 


Co-Chairman: R. C. Byloff, AiResearch 


Influence of Excitation Frequency and Wave- 
form on Squareness Ratio of Toroidal Tape 
Cores. J. E. Wolf, Arnold Engineering Co. 


The Application of Magnetic Amplifiers to 
Electronic Timers. S. W. Brown, Autonetics 


Comparative Study of Push-Pull Magnetic 
Amplifiers. A. H. Meiksin, Westinghouse 
Electric Corporation 


Roberts, Westinghouse 


Effects of Environment on Magnetic Proper- 
ties of Toroidal Cores. J. E. Mitch, Art Lewis, 
Arnold Engineering Co. 


Evening Session—Seminars 
“Theory and Design.” Discussion lead by 
H. F. Storm, GE 


“Applications.” Discussion lead by A. Krausz, 
Jack and Heintz 


“Computer Magnetics.” Discussion lead by 
J. A. Rajchman, RCA 


Thursday, August 7 


Morning Session—Computer Magnetics 
Chairman: C. T. Leondes, UCLA 

The State of the Art. J. A. Rajchman, RCA 
All-Transistor Magnetic Core Memory. B. T. 
Goda, W. R. Johnson, M. Rosenberg, Sey- 
mour Markowitz, Raymond Stewart-Williams, 
Telemeter Magnetics, Inc. 

The Twistor—Its Use in a Memory Array. 
A. H. Bobeck, R. S. Title, Bell Telephone 
Laboratories 

A Diodeless Magnetic Core and Capacitor 
Logical Circuit. M. Dumaire, H. Jeudon, 
M.Lilamand, J. Brodin, Societe d’Electronique, 
France 
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ATEE-IRE-ISA Nonlinear Magnetics 
and Magnetic Amplifiers Conference 
(Exhibit)* 

Statler Hotel 

Los Angeles, Calif. 

August 6-8, 1958 


ATEE-IRE-NBS Electrical and Ra- 
dio Standards Conference* 
University of Colorado and NBS 
(Dormitory Accommodations) 
Boulder, Colo. 

August 13-15, 1958 


Pacific General Meeting* 
Hotel Senator 
Sacramento, Calif. 

August 19-22, 1958 


AIEE-NEMA _ National Electrical 
Insulation Conference* 

Pick-Carter Hotel 

Cleveland, Ohio 

September 3-5, 1958 


Fifth UPADI Convention 
Queen Elizabeth Hotel 
Montreal, Que., Canada 
September 2-6, 1958 


World Power Conference Sectional 
Meeting 

Queen Elizabeth Hotel 

Montreal, Que., Canada 

September 7-11, 1958 


Petroleum Industry Conference* 
Baker Hotel 

Dallas, Texas 

September 15-17, 1958 


Power Industry Computer Applica- 
tion Conference* 

King Edward Hotel 

Toronto, Ont., Canada 

September 15-17, 1958 


AITEE-IRE Industrial Electronics 
Conference* 

Park Shelton Hotel 

Rackham Memorial Auditorium 
Detroit, Mich. 

September 24-25, 1958 


AIEE-ASME National Power Con- 
ference* 

Statler Hotel 

Boston, Mass. 

September 29-October 1, 1958 


AIEE-IRE-EIA-SMPTE National 
Electronics Conference 

Hotel Sherman 

Chicago, Hl. 

October 13-15, 1958 

(Final date for +TP—Closed, ¢ 
Syn.—closed, CPMs—Aug. 8) 


Machine Tools Conference 

Statler Hotel 

Hartford, Conn. 

October 13-15, 1958 

(Final date for +TP—closed, {CP 
Syn.—closed, CPMs—Aug. 8) 


Transactions and conference pape 


AIEE Future Meetings 


Farm Electrification Conference 
Monteleone Hotel 

New Orleans, La. 

October 20-22, 1958 

(Final date for +TP—closed, {CP 
Syn.—Aug. 5, CPMs—Aug. 15) 


Fall General Meeting 
Penn-Sheraton Hotel 

Pittsburgh, Pa. 

October 26-31, 1958 

(Final date for +TP—closed, {CP 
Syn.—Aug. 12, CPMs—Aug. 22) 


Fall Textile Conference 

North Carolina State College 
Raleigh, N. C. 

October 30-31, 1958 

(Final date for +TP—Aug. 1, {CP 
Syn.—Aug. 15, CPMs—Aug. 26) 


ATEE-IRE-ISA Electrical Tech- 
niques in Medicine and Biology 
Conference 

Pick-Nicolett Hotel 

Minneapolis, Minn. 

November 19-21, 1958 

(Final date for +TP—Aug. 21, tCP 
Syn.—Sept 5, CPMs—Sept. 15) 


Magnetism and Magnetic Materials 
Conference 

Sheraton Hotel 

Philadelphia, Pa. 

November 17-20, 1958 

(Final date for +TP—Aug. 19, tCP 
Syn.—Sept. 3, CPMs—Sept. 12) 


ATEE-IRE-ACM Eastern Joint Com- 
puter Conference (Exhibit) 
Bellevue-Stratford Hotel 
Philadelphia, Pa. 

December 3-5, 1958 

(Final date for +TP—Sept. 4, {CP 
Syn.—Sept. 19, CPMs—Sept. 29) 


AIEE-IRE Second National Sympo- 
sium on Communication Systems 
(Exhibit) 

Colonial Inn-Desert Ranch 

St. Petersburg, Fla. 

December 3-5, 1958 

(Final date for abstracts and sum- 
maries—Aug. 1) 


ATEE-IRE-ASQC-EIA National Sym- 
posium on Reliability and Quality 
Control 

Bellevue-Stratford Hotel 
Philadelphia, Pa. 

January 12-14, 1959 

(Final date for +TP—Oct. 14, tCP 
Syn.—Oct. 29, CPMs—Nov. 7) 


Winter General Meeting 

Statler Hotel 

New York, N. Y. 

February 1-6, 1959 

(Final date for +TP—Nov. 3, tCP 
Syn.—Nov. 18, CPMs—Nov. 28) 


AIEE-IRE-U of P Transistor and 
Solid-State Circuits Conference 
University of Pennsylvania 
Philadelphia, Pa. 

February 12-13, 1959 

(Final date for +TP—Nov. 13, {CP 
Syn.—Nov. 28, CPMs—Dec. 9) 


EJC Nuclear Congress 
Cleveland, Ohio 

April 5-10, 1959 

(Final date for +TP—Nov. 28) 


South East-South Central District 
Meeting 

Dinkler Plaza Hotel 

Atlanta, Ga. 

April 8-10, 1959 

(Final date for {+ TP—Jan. 8, DPMs— 
Feb. 2) 


East Central District Meeting 
Sheraton-Mayflower Hotel 

Akron, Ohio 

April 22-24, 1959 

(Final date for +7 P—Jan. 22, DPMs 
—Feb. 16) 


Rubber and Plastics Conference 
Sheraton-Mayflower Hotel 

Akron, Ohio 

April 22-24, 1959 

(Final date for +TP—Jan. 22, {CP 
Syn.—Feb. 6, CPMs—Feb. 16) 


Empire District Meeting 

Hotel Syracuse 

Syracuse, N. Y. 

April 29-May 1, 1959 

(Final date for +TP—Jan. 29, DPMs 
—Feb. 20) 


ATEE-IRE-EIA-WCEMA Joint Elec 
tronic Components Conference 
Benjamin Franklin Hotel 
Philadelphia, Pa. 

May 6-8, 1959 

(Final date for +TP—Feb. 5, {CP 
Syn.—Feb. 20, CPMs—March 2) 


Middle Eastern District Meeting 
Lord Baltimore Hotel 

Baltimore, Md. 

May 19-21, 1959 

(Final date for tT P—Feb. 18, DPMs 
—March 13) 


*Final date for submitting papers— 
closed 


+TP—Transactions Paper 

t¢CP Syn.—Conference Synopsis 
CPMs—Conference Manuscript 
DPMs—District Manuscript 


(District Paper Synopses should be di- 
rected to the District Meeting Com- 
mittee) 


pers must contorm to the requirements in Authors Guide. 


For a copy, write to E. C. Day, AIEE, 33 W. 39th St., New York 18, N.Y. 
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Afternoon Session—Application of 
linear Magnetics 


Non- 


Chairman: H. C. Bourne, UCLA 
Co-Chairman: A. Krausz, Jack and Heintz 


An Equivalent Circuit for Transformers in 
which Nonlinear Effects Are Present. H. W. 
Lord, GE 


Variation of Pulse Width in Magnetic Pulse 
Generators. B. M. Wolfframm, Magnetic Re- 
search Corp 


An Analysis of the Operation of the Mag- 
netic Second Harmonic Modulator. B. W. 
Jalbert, GE 


Equivalent Circuit Approach to the Analysis 
and Design of Magnetic Frequency Triplers. 
C. R. Slemon, P. O. Biringer, University of 
Toronto 


A More Stable Three-Phase Transistor-Core 
Power Inverter. P. L. Schmidt, W. E. Jewett, 
Bell Telephone Laboratories 


Evening—Banquet 


Friday, August 8 


Morning Session—New Horizons 


Chairman: A. B. Rosenstein, UCLA 
Co-Chairman: C. B. Wakeman, Magnetics, Inc. 
The Use of Magnetic Amplifiers at High Fre- 
quencies. R. E. Jackson, Alwac Corporation 


A Bridge Type High Gain Magnetic Ampli- 
fier for Use at High Temperatures. S. D. 
Warner, Convair 


Theory and Operation of Two Crossfield 
Magnetic Modulators. D. W. Boensel, Jet 
Propulsion Laboratory 


Shunt—Coupled Magnetic Amplifier Circuits. 
R. W. Hubbard, Boeing Aircraft 


Analog Division Circuits. William McMurray, 
GE 


High Frequency Temperature Stable Mag- 
netic Amplifier. C. K. Leonard, GE 


Afternoon Session—Computer Magnetics Il 


Chairman: J. A. Rajchman, RCA 


Co-Chairman: G. Estrin, UCLA 


Magnetic Networks for Performing Logic. 
P. F. Gianola, T. H. Crowley, Bell Telephone 
Laboratories 


Ferroresonant Switching Circuits. W. E. 
Proebster, IBM Research Laboratories, Zurich, 
Switzerland 

Thin Film Magnetization Studies. R. L. 
Conger, U. S. Naval Ordnance Laboratories 


Magnetic Integrating Amplifiers. H. W. Pat- 
ton, Acromag, Inc. 


Hotel Reservations 


The Statler Hotel, which will be the 
scene of the technical sessions, as well as 
the exhibits, has set aside ample rooms for 
the accommodation of Conference regis- 
trants. 

Price lists for the accommodations avail- 
able are as follows: 


Singles at $ 8.00 $12.00 
9.00 13.00 
10.00 14.00 
11.00 

Doubles at $11.50 $14.50 
12.50 15.50 
13.50 16.50 

Doubles, twin beds at $12.00 $16.00 
13.00 17.00 
14.00 18.00 
15.00 


Suites, one person $22.00 to $28.00 
Suites, two persons, 
double bed 
Suites, two persons, 

twin beds $22.00 to $36.00 
For each additional person over two in room 


the charge daily is $2.50 extra. 


$22.00 to $34.00 


In the event that accommodations of the 
type and price desired are not available, 
the next best reservation will be confirmed 
by the Statler. 

Chere is no requirement that Confer- 
ence members stay at the Statler. Those 
wishing to do so may communicate directly 
with the hotel of their choice. 











Membership in the American Institute of Elec- 
trical Engineers, including a subscription to 
this publication, is open to most electrical en- 
gineers. Complete information as to the mem- 
bership grades, qualifications, and fees may 
be obtained from Mr. N. S. Hibshman, Secre- 
tary, 33 West 39th Street, New York 18, N. Y. 





Engineering Foundation 
Grants Advance 26 Projects 


The continuation of studies that are 
steadily reducing the cost of reinforced 
concrete construction; another study that 
will eliminate uncertainties in the proper- 
ties of high-temperature and _high- 
pressure steam for power generation, 
whether from coal, oil, or atomic heat; 
still another aimed at reducing our huge 
annual losses from metallic corrosion— 
these are just a few of the important re- 
search projects that are receiving, En- 
gineering Foundation support. 

At a meeting held in New York, N. Y., 
on May 16, 1958, Engineering Foundation 
announced grants of $71,500 to advance 
research in the 1958-59 fiscal year. These 
new allocations will further 26 projects 
that will also receive nearly $1 million 
outside support from industry. The 
projects, to which funds have been al- 
located, represent all the important 
branches of the engineering profession. 
They are being carried out in university, 
Government, and industrial laboratories 
all over the country under sponsorship 
of the major engineering societies. 





FOUR MEETINGS of the AIEE Board of 
Directors were held in the following 
cities: Montreal, Que., Canada; Chicago, 
Ill.; New York, N.Y.; and Washington, 
D.C. Information regarding the more im- 
portant decisions made by the Board were 
reported in various issues of Electrical En- 
gineering. 

The usual four General Meetings of the 
Institute were held: Summer, Montreal, 
Que., Canada; Pacific, Pasco, Wash.; Fall, 
Chicago, Ill.; and Winter, New York, N.Y. 

Four District Meetings were held: North 
Eastern, Pittsfield, Mass.; Middle Eastern 
and East Central, Dayton, Ohio; South 
West, Tulsa, Okla.; and Middle Eastern, 
Washington, D.C. 

The Institute wholly or partly sponsored 
27 special technical conferences during 
the year and the total attendance at all 





Report of the AIEE Board of Directors* 
May 1, 1957-April 30, 1958 


meetings and conferences was 38,106, a 
total of 2,159 papers being presented. 


Constitution and Bylaws Committee 


This Committee concentrated on a re- 
vision of the Institute’s Constitution and 
Bylaws. Two preliminary drafts have been 
approved by the Board of Directors and 
the final draft was to be submitted to the 
Board at its meeting on June 27, 1958. 
This revised Constitution when approved 
will be voted on by the membership at a 
later date. The new Bylaws, which need 
only the approval of the Board of Direc- 
tors, will be submitted during the coming 
year. 

There are many rules, regulations, and 
procedures of the Institute, which appear 
in many different publications of Depart- 















ments and committees. It is proposed to 
collect all these data, and publish a new 
set of regulations to be known as “Rules.” 
These will be completed during 1958-59. 

During the year, the Certificate of In- 
corporation was changed, as was also the 
number of Directors from 21 to not less 
than 20 nor more than 40. 


Finance Committee 


The finances of the Institute are in a 
healthy state. The dynamics of the market 
have been such, recently, that the port- 
folio of holdings was adjusted to maintain 
earnings consistent with the security and 
marketability required. 

A recommendation from the Trustees of 
the AIEE Retirement System was consid- 
ered and revised, bringing the system up 
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W. 39th St., New York 18, N. ¥. Copies of the complete report have been mailed to the chairmen of all general and technical committees of the In- 
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to modern practices in recognition of the 
changes in the economy and expansion of 
Social Security. 

The Board approved an amendment to 
Bylaw 20 to provide a more definitive cut 
off on the publications mailing for mem- 
bers in arrears, thus simplifying control 
of membership records. 

For the Institute’s balance sheet and 
the statement of income and operating 
fund reserve for the fiscal year ending 
April 30, 1958, see Exhibits A and B at 
the end of this summary. 


Planning and Co-ordination Committee 


The work of this Committee has been 
directed along the following lines: a sched- 
ule of Director's meetings; amendment of 
Constitution and Bylaws; assignment of 
bylaws of 


intersociety representatives; 


medal committees: and 


changes in the Institute. 


organizational 


Public Relations Committee 


This Committee, operating under the 
Administration Department, has produced 
a number of tools to attract young people 
into the profession of electrical engineer- 
ing and to acquire new AIEE members. 
Among these was a new booklet, “The 
Indispensable Man—the Electrical Engi- 
neer”; a radio script, “Your Child’s Future 
—Consider Electrical Engineering,” which 
was widely broadcast by many stations; a 
syndicated newspaper mat, “Electrically 
Speaking,” which was distributed to 2,000 
daily and weekly newspapers and used 
extensively. 

The Committee co-operated with local 
meeting and conference committees to 
help them publicize these events and also 
worked with the several Sections to help 
them with their public relations problems. 


Sections Committee 


During the year, two new Sections were 
recognized, bringing the total to 112; two 
new Subsections brought that total to 67; 
and the technical groups now number 223, 
an increase of 76 from 1957. 

The total number of meetings has in- 
creased from 2,315 in 1957 to 2,606 in 1958 
and the total attendance at these meetings 
broke another record with 137,373, more 
than 7,000 over the year before. 


Student Branches Committee 


Student membership in AIEE increased 
to 10,592 as of May I, 1958, an increase 
of 8.7% over last year. During the fiscal 
year, the Board of Directors approved the 
establishment of two Associate Branches 
and two Affiliate Branches. There are now 
157 Branches, which held 1,374 meetings 
during the year with a total attendance of 
87,477. 


Admission and Advancement Department 


During the past year, a list of foreign 
universities was compiled, graduates of 
which represent the majority of appli- 
cants for AIEE membership, to determine 
if these schools’ academic standards are 
the equivalent of Engineers’ Council for 
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Professional Development (ECPD) ac- 
credited colleges in the United States. 

At the 1957 Summer General Meeting, 
the Board authorized rebate of entrance 
and transfer fees to the originating Sec- 
tions for a period of a year. 


Board of Examiners 


In the period 1957-58, the Board acted 
upon 11,016 applications for membership 
or transfer from one grade to another, an 
increase of 13%, over the previous year. 


Membership Committee 


Total membership of the Institute as 
of April 30, 1958, is 52,213, an increase 
of 1,655 members (3.3%) as compared with 
an increase of 609 last year. New mem- 
and former members 
reinstated increased 8.9% over last year. 


bers increased 11.8°% 


Medals and Awards 


The following Institute medals and 
awards were made during 1957-58: 

Edison Medal to J]. K. Hodnette, West- 
inghouse Electric Corporation. 

Lamme Medal to Dr. H. S. Black, Bell 
Telephone Laboratories. 

AIEE Medal in Electrical Engineering 
Education to Dean W. L. Everitt, Univer- 
sity of Illinois. 

Charles LeGeyt Fortescue Award to 
r. J. Harley, Jr., University of Pennsyl- 
vania. 

John Fritz Medal to J. R. Suman, Stand- 
ard Oil of New Jersey. 

Elmer A. Sperry Award to H. L. Hamil- 
ton, R. M. Dilworth, and E. W. Kettering, 
General Motors Corp. 

Washington Award to Adm. Ben 
Moreell, Jones & Laughlin Steel Corp. 


Recognition Awards Committee 


This new Committee will administer the 
two new awards: The Morris E. Leeds 
Award, consisting of $500 and a certificate 
for achievement in the field of electric in- 
strumentation; and the William M. Habir- 
shaw Award, consisting of a bronze medal 
and $500 for achievement in the field of 
transmission and distribution. These will 
be presented for the first time at the AIEE 
Fall General Meeting in Chicago, IIl., in 
1959 along with the fourth medal in Elec- 
trical Engineering Education. 


Publications Department 


Electrical Engineering. The editorial 
content of the monthly magazine has been 
selected in accordance with the primary 
interest of the membership in accordance 
with the surveys of 1951 to 1956. Each 
month, 1,000 questionnaires are mailed to 
members in proportion to the number in 
each state with the request that they indi- 
cate their preferences for the articles and 
departments of the magazine. 

A change to rotary press (web) printing 
with the January 1957 issue reduced the 
printing costs of Electrical Engineering 
more than $60,000, but, because of in- 
creased prices and expanded volume, the 
total costs have increased by more than 
$45,000. 

At the close of the calendar year 1957 
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compared with the one previous, the 
magazine had an increase of 103 pages ot 
product advertising with a gross billing in- 
crease of $87,000. However, at the close 
of the fiscal year, April 30, 1958, it is 
estimated that the net advertising income 
will be $20,000 less than at the close of 
the previous fiscal year; a result of the 
business recession. 

Bimonthly Publications. The average 
editions of these three publications have 
increased 19.4% over the previous yea! 
rhe total number of pages produced was 
2,836 for a decrease of 5.9% under the 
pages produced during the previous yeat 

Transactions. Volume 76 will be issued 
in three parts containing a total of 407 
papers, in 2,836 pages. 

Special Publications. Nine publications 
were produced during the year with a 
total of 1,012 pages. Four originated from 
Special Technical Conferences and five 
from the General Meetings and special 
projects of technical committees. 


Technical Operations Department 


The Technical Operations Department 
(TOD) established a five-man Administra- 
tive Committee and seven standing Sub- 
committees each headed by a TOD mem- 
ber. The accomplishments of these 
Subcommittees are as follows: 


1. TOD Manual. The section on “Proc- 
essing of Papers” was approved and dis- 
tributed as was a “One-Page Author's 
Guide.” Some 15 other sections are in 
progress. 

2. Special Technical Conferences. A 
broad study and analysis of this subject 
is under way leading to enactment of 
policy, rules, and procedures. 

3. Classification of Engineers. By collect- 
ing classified past lists of engineers and 
exploring the matter with Engineers Joint 
Council (EJC) and the National Register 
of Scientific and Technical Personnel, this 
Subcommittee is prepared to comply with 
future requests. 

4. Technical Groups in Sections. This 
Subcommittee has appointed alternates for 
each District TOD representative to insure 
continuity; developed a standard informa- 
tion sheet for recommending new tech 
nical-committee members; arranged to 
have preprinted District papers reviewed 
like preprinted Conference papers; and 
encouraged study groups and educational 
programs. 

5. Exhibits. Since the Board of Direc- 
tors’ approval of exhibits at any AIEE 
meeting, uniform procedures and regula- 
tions are now being developed. 

6. Forecasts and Statistics. Regular fore- 
casts of numbers of sessions and papers 
for all General and District Meetings are 
made two years ahead each September 
and February. 

7. 5-Year Advance Meeting Schedule. 
The latest one appeared in the June 1958 
issue of Electrical Engineering, p. 521. An 
attempt is being made to develop a pre- 
ferred pattern for District Meetings to 
even out the Headquarter’s load. 


Five other committees under TOD have 
been established, their titles being descrip- 
tive of their scope: Man-Machine Integra- 
tion, Grouping of Committees, Standing 
Program Committee for EJC Nuclear 
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Congress, Joint Division Committee on 
Automation and Data Processing, and 
Publication Policies of Other Societies. 


Research Committee 


This Committee held a two-day confer- 
ence in Ottawa Fall General 
Meeting in Chicago to explore the meth- 
ods for increasing the research activities 
of the Institute through the Engineering 
Foundation. 


before the 


Safety Committee 


The medical consultants of the Com- 
mittee have introduced new concepts of 
resuscitation, primarily the mouth-to- 
mouth method. In order to obtain con- 


tacts with other groups in the Institute, a 


Liaison Representatives Subcommittee 
has been set up to promote consideration 
of the safety aspects of each project or ac- 
tivity in the technical area. 

Noting that there was a difference in 
wording format but not in intent between 
the National Electrical Code and the Can- 
adian Electrical Code, the Committee ini- 
tiated an activity to bring these two docu- 
ments together as there are no significant 
differences between the codes of the two 
countries. 


Standards Committee 


A revision of the Standards Manual is 
being undertaken, with the thought that 
it will be a more useful guide to technical 
committees concerned with the prepara- 
tion and revision of Standards. The Com- 


mittee approved 21 
the last year. 


publications during 


Technical Committees 


The Report contains detailed reports 
from 48 of the Institute’s technical com- 
mittees, concerning their activities for 
1957-58. 


Representatives 


The Report includes reports on the 
year’s activities from the following: EJC, 
ECPD, International Illumination Com- 
mission, United Engineering Trustees, 
U.S. National Committee of the Interna- 
tional Electrotechnical Commission, and 
U.S. National Committee of the World 
Power Conference. 
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Exhibit A 


Balance Sheet, April 30, 1958 





ASSETS 


LIABILITIES 





Property Fund Assets: 

Founder Society advances to United Engineering 
Trustees, Inc. (not repayable except upon 
latter's dissolution; 4% interest payable from 
date of occupancy of United Engineering 

Center)—see note........ . $265,000 
Other properties at nominal values (library, works 
of art, 
265,016 


TOTAL PROPERTY FUND ASSETS 


Restricted Fund Assets: 
Investments: 
Securities 
4Vnay, 
Inc. 

Cash 
Accrued 


(market value $1,151,720) 


note of United Engineering Trustees, 


TOTAL RESTRICTED FUND ASSETS. ..........00+-eeee08 1,193,973 


Operating Fund Assets: 
Cash 
Acceunts receivable: 
Members—for dues 
Advertisers 
Technical 
Subscriptions, etc. 


$ 84,791 


46,016 
5,740 
9,597 

44,962 


conference loans 
(less reserve, $3,000) 
Inventories—at cost or less: 
Transactions 
Text and cover paper 
Badges 
Production charges for May and subsequent issues 
of Electrical Engineering 
Prepaid expenses 
Office equipment, furniture, and fixtures 
reserve for depreciation, $71,808).... 


(less 


TOTAL OPERATING FUND ASSETS 


$1,773,395 


Property Fund Reserve: 


Founder Society advances to United Engineering 
Trustees, Inc.—see note $ 


TOTAL PROPERTY FUND RESERVE 


Restricted Fund Reserves (Exhibit C): 
Reserve capital 
Members-for-Life 
International Electrical 
Library fund 


Edison Endowment 
Lamme Medal fund 
Mailloux 

Volta Memorial fund 
Kettering Award fund 


TOTAL RESTRICTED FUND RESERVES............000005 1,193,973 


Operating Fund Reserve, Liabilities, Etc.: 

Accounts payable 

Accrued expensees 

Deferred income, etc.: 
Dues ‘ 
Subscriptions to publications, etc 
Other 

Operating fund reserve (Exhibit B) 


68,283 
28,098 


67,546 
58,206 

6,960 
85,313 


TOTAL OPERATING FUND RESERVE, LIABILITIES, 


$1,773,395 





Note: By agreements dated February 28, 1958, the Founders’ Agreement 
of August 10, 1916, between the four Founder Societies, parties thereto, 
and United Engineering Trustees, Inc., was superseded by an amended 
Founders’ Agreement which, among other things, provided: for the ad- 
mission of a fifth Founder Society; for commitments by each of the 
five Societies to permanently maintain their respective principal offices 
in the United Engineering Center Building to be erected at United 
Nations Plaza; for recognition of advances paid to United Engineering 
Trustees, Inc., namely $265,000 by each of the four Societies pursuant to 
the superseded Founders’ Agreement of 1916, and $50,000 by the fifth 


Society; and that none of said advances were to be repayable by United 
Engineering Trustees, Inc., except upon its dissolution but that each 
advance was to bear interest at 4% from the dates of occupancy of 
United Engineering Center by each of the respective Societies. 


Pursuant to the foregoing, the Institute has reduced the book value 
of its Founder's interest in United Engineering Trustees, Inc., from 
$498,448, being one fourth of the book value of the latter's West 38th 
Street property funds, to the amount of its stipulated advance of $265,000 
as aforesaid. 
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Exhibit B Statement of Income and Operating Fund Reserve for the Year Ended April 30, 





Income: Torat twncoMe (Forward) obo ai .-« - $1,759,876 


Dues: 


Members yet $842,927 RNa ap tsar 
Students 42,638..$ 885,565 xpenses (Forward). 


Publications Departiaent: 
Fees Electrical Engineering: 
ee ee ee ‘ig ideceee cour ae Advertising oteeees tee . $279,041 
Transfer 26,069 Text 5 ‘ SR ee oer 203,733 
Transactions volumes ate ahaa 42,965 
Bimonthlies 7 165,752 
Publications sales; Membership directory and “organization manual 26,639 
Advertising . Y Preprints, special and technical publications, etc... 108,446 
Electrical E nginee ring subscriptions, etc. ——- 
Transactions volumes Seon 33,46 Institute Districts. 
Bimonthlies subscriptions etc 27,912 Constitution and Bylaws C committee. 
Preprints, special and technical public ations, Finance Committee... ° . 
etc BR ; , ceeds ee 2,833 698,032 Planning and Coordination Committee 
General and Administrative 
Salaries . A cides $225,586 
Other income Postage are ite. = 7.947 
Meetings registration fees. sete eeees -$ 50,675 Stationery and supplies de amaeee ; 17,684 
Technical conferences—net..... 22, Contributions under retirement plan (not 
Income from Reserve Capital Fund investments: including $19,749 paid from Reserve ( apital 
Marketable securities .* 332 Fund for additional past service benefits) 
Note of United Engineering Trustees, Inc. - 5 Social security taxes vt 
Standards sales (including binders)... 23,93 Legal fees 
Sale of member emblems 7 Travel expenses of Directors and Presiden nt 
Miscellaneous vase waters tees »286. 150,210 Depreciation of equipment, etc. (including 
er ro accelerated depreciation of furniture and 
TOTAL INCOME ewe $1.7 759,876 fixtures $7,029.75) ae ae! 
j United Engineering Trustees, Inc 
Expenees: Building assessments (exclusive of $10,507 
Administration Department: charged to other accounts). ... 
Public Relations ss , cauncuee Gee Library assessments 
Sections a : 153,132 Library pension 
Student a . . weeees 38,654 Rental of equipment oo 
Other pave eben 23,610..$ 253,665 Conversion cosis to punc hed cards. . 
ek aaa Provision for doubtful accounts 
> ‘ 2-76 99 - 
Admission and Advancement esl ROR as - aie eat ae Fe ts S211 
bership oe. che sees . .* 15,642 TOTAL EXPENSES wie $1,674,563 





Professional ret and 0 ARK Depart- 
ment . : ’ r 8.335 Excess of Income Over Expenses for the Year ....... ‘ $ 85.313 
te : Operating Fund Reserve, May 1, 1957 198 387 
Technical Operations Department: 
Institute Meetings EC eTeTeT SE. 
Technical Activities wees 28,914 
Standards Committee ‘ . taden) ae Transfer to Reserve Capital Fund (Exhibit © wer 198,387 
795 139,643 


Forward v 417,285 Operating Fund Reserve, April 30, 1958 ........ $85,313 


Torat vice 283,700 








HASKINS & SELLS 67 BROAD STREET 
CERTIFIED PUBLIC ACCOUNTANTS NEW YORK 4 


May 28, 1958 
ACCOUNTANTS’ CERTIFICATE 
American Institute of Electrical Engineers: 


We have examined the balance sheet of the American Institute of Elec- 
trical Engineers as of April 30, 1958, and the related statements of income 
and operating fund reserve and of restricted fund reserves for the year then 
ended. Our examination was made in accordance with generally accepted 
auditing standards, and accordingly included such tests of the accounting 
records and such other auditing procedures as we considered necessary in 
the circumstances, 

In our opinion, the accompanying balance sheet and statements of in- 
come and operating fund reserve and of restricted fund reserves present 
fairly the financial position of the Institute at April 30, 1958, and the 
results of its operations for the year then ended, in conformity with gen- 
erally accepted accounting principles applied (except for the change 
explained in the note to the balance sheet) on a basis consistent with that 
of the preceding year. 


(signed) HASKINS & SELLS 
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Sample Contents Lists from 


USSR Scientific and Engineering Journals 


THE FOLLOWING are sample contents 
lists from some of the leading Soviet scien- 
tific and engineering journals, translations 
of which are being made available by ar- 
rangement with the Pergamon Institute, 
a nonprofit organization. 

For a listing and prices of the publica- 
tions, available on an annual subscription 
basis, and ordering instructions, see p. 
59A of this issue of Electrical Engineering. 


Radio Engineering and Electronics USSR, 
No. 1, 1958. 


Contents 

Zheleznov, N. A. Principle of discretisation of 
stochastic signals with unlimited spectrum 
and some results of the theory of pulse 
transmission of information 

Shastova, G. A. Interference resistivity of Ham- 
ming code 

Trenev, N. G. Diffraction of surface electro- 
magnetic waves on an impedance step. 

Katsenellenbaum, B. Z. Influence of dielectric 
film on attenuation of Ho-wave in a 
straight, almost circular waveguide. 

Sokolov, I. F.; Vakman, D. E. Optimum linear 
sinphase antennae with continuous current 
distribution. 

Butrov, M. V. Symmetrical iris of arbitrary 
thickness in a circular waveguide. 

Yakovlev, V. N. Relaxation generators on 
point-contact transistors. 

Karlov, N. V. Sensitivity of a radiometer with 
AGC. 

Veinshtein, L. A.; Filimonov, G. F. Nonlinear 
theory of travelling-wave tube, Part III. 

Filimonov, G. F. Isochronous travelling-wave 
tube. 

Yavich, L. R. Questions of broadband dis- 
charger design. 

Gvosdover, S. D. et al. Experimental study of 
mutual-synchronous operation of X-band 
reflex klystrons. 

Kostienko, A. I.; Liubimov, G. P. Influence of 
load on mutual-synchronous operation of 
two reflex klystrons 

Tychinskti, V. P. Experimental investigation 
of electron conductance of a space charge 
cloud in magnetron. 

Shestopalov, V. P. Electron beam in a helix 
placed into a dielectric medium. 

Yasnopolskii, N. L.; Alekseeva, A. P. Mecha- 
nism of action of cathode-ray barrier grid 
storage tubes for digital computers. 


Notes and News 

Mirimanov, R. G.; Lomze, L. G. Some titanate 
ferrites at microwave frequencies. 

Aksenov, V. I. Determination of losses of fer- 
romagnetic material at microwave fre- 
quencies. 


Radio Engineering and Electronics USSR, 
No. 2, 1958. 


Contents 

Trenev, N. G. Diffraction of surface electro- 
magnetic waves on a semi-infinite im- 
pedance plane 

Braude, 8. G. et al. The statistic nature of 
scattering of centimeter waves on a dis- 
turbed sea surface. 

Bass, F. G. et al. The theory of scattering of 
electromagnetic waves on a_ statistically 
uneven surface. 

Burstein, E. L. Power of nonplane wave re- 
ceived by an antenna. 

Fabrikov, V. A. Possibility of power amplifica- 
tion of a weak modulating signal by gy- 
romagnetic medium. 

Kurochkin, S. §. The theory of a spin gen- 
erator. 

Zanadvorov, P. N. Synchronization of an oscil- 
lator by periodic pulse train. 
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Andreev, V. §. Investigation of stationary oper- 
ation of a regenerative frequency divider. 

Bakaev, G. N. Investigation of television syn- 
chronization flywheel system. 

Borovitsky, S. I. Some properties of optical 
converters in radio engineering. 

Vowutsky, V. S. New method of measuring of 
very small varying electrical quantities. 
Rapoport, G. N. Preliminary results of non- 
linear theory of oscillations in a_ back 
ward wave tube with longitudinal field. 

Rapoport, G. N. The mechanism of a back- 
ward-wave oscillator (“‘karsinotron-O"’) ef- 
ficiency raising at the increasing of volume 
charge parameter. 

Der-Schwarz, G. V. Grid integrators of in- 
creased accuracy for the field calculation 
of electron optical systems. 

Penin, N. A. et al. Rectifying contact imped- 
ance of germanium and silicon detectors 
at microwaves. 


Miscellany 

Zhabotinsky, M. E. et al. The crystal oscillator 
frequency dependence upon the power be- 
ing dissipated in quartz. 

Martinenko, D. P. Overtone synchronization of 
auto-oscillations with an external ampli- 
tude-modulated force. 

Achmanov, S. A. et al. Amplitude of fluctua- 
tions of two mutually-synchronized reflex 
clystrons. 

Seman, O. I. Normal coefficients of electron 
optical aberrations of magnetic immer- 
sion systems. 

Berstein, I. L. The theory of phase automatic 
frequency trim. 

Berstein, I. L. et al. Phase automatic fre- 
quency trim of microwave oscillators. 
Sindler, J. B. The question of noise storing in 

radio-links 

Aralov, M. S. The properties of a pentode 
with negative potential on the third grid 


Letters to the Editor 


Current Events 
Zhabotinsky, M. E. XIL General Assembly on 
URSI 


Radio Engineering and Electronics USSR, 
No. 3, 1958. 


Contents 

Elinson et al. Field emission of Re. 

Ntkonov et al. Investigation of ni-alloys for 
the oxide cathode bases. 

Melnikov et al. Pressed cathode basis of 
BaWOsCaWOs. 

Shulman et al. About a method of secondary 
electron emission investigation of non- 
metal materials. 

Soboleva. The accuracy of spherical condenser 
method. 

Gorodezky. Reflection of slow electrons from 
the surface of some metals and semicon- 
ductors. 

Butkevitch et al. Some investigations of sec- 
ondary electron emission on the exit side. 

Rashkovski. Secondary emission from rough 
surfaces. 

Vudynski. Some questions of dielectric charg- 
ing. 

Zheludeva. The work-function of SbCs cathode. 

Zheludeva et al. Energy distribution of photo- 
electrons for SbCs cathode at various stages 
of its formation. 

Pervova. Noise spectrum and frequency char- 
acteristics of photocurrent in thallous sul- 
fide photoresistances. 

Svetchnikov et al. Some noise characteristics in 
photoresistances. 

Yumatov et al. New photo films for camera 
tubes with photoconducting target. 

Berkovski et al. Midget photomultiplier with 
a bulk cathode. 


Miscellany 


Kudintzeva et al. Emission characteristics of 
some rare-earth metals hexaborides. 
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Nickonov et al. Evaporation of Ca from base 
to exide layer. 

Dzantiev et al. Evaporation of barium and 
strontium oxides from an oxide cathode. 

Kishko et al. Influence of hydrogen on oxide 
cathode emission characteristics. 

Ratzun et al. Determination of residual gas 
pressure in electron tubes. 

Elinson. The influence of gas adsorbtion at the 
surface of emitter upon its field emission. 


Current Events 

Golubkov et al. The second All-Union Con- 
ference of Ministry of Higher Education 
on radioelectronics. 


Critics and bibliography. 
Chechick. Publishers schemes in the field of 
radiotechnic and electronic for 1958. 


Electric Technology USSR, No. 3, 1958. 


Contents 

Postnikov, I. M. A method of calculating com 
pounded synchronous motors. 

Nornevski, B. I.; Baiko, V. P.; Malishevskii, 
V. E.; Kuropatkin, P. V.; Rosin, E. K. 
Comparison of two- and three-stage direct 
field rotary amplifiers. 

Afanas'ev, V. D., Ovobotenko, V. A. Speed 
control of a d-c motor when fed from a 
magnetic amplifier. 

Sinaiski, M. M. How voltage fluctuations in 
fluence the operation of an a-c crane mo 
tor 

Efraimovich, U. E. Models for remote control 
of electrical quantities in arc furnaces. 

Stanislavskii, L. J. Turbo-generators of 30 to 
3,000 mw capacity manufactured at the 
Kharkov Works. 

Fastouvskii, V. G., Petrovskii, U. V. Cooling 
turbo-generators more intensively. 

Mamikonyantis, L. G. Formulas for the re 
active power of a synchronous machine 
during slip operation. 

Tikhodeev, N. N., Tushnov, A. N. A-C spark 
over voltages of air gaps. 

Glazanov, V. N. Breakdown in vacuum. 

fonkin, P. A. On calculating nonlinear circuits 
by means of iteration. 

Gelbukh, L. A. Heating of a ferromagnetic 
ellipsoid in an alternating magnetic field 

Kaplyanskii, A. E.; Petrov, P. I. Compensated 
commutating mechanical rectifiers. 

Aronzon, N. On proving theoretically the 
minimum arc voltage principle. 

Geppe, A. P. On the surface resistance of di 
electrics. 

Greisukh, M. V. How to establish correctly 
the prices for electrical equipment and 
construction work. 

Bobrovskaya, R. S.; Morozova, A. M.; Feigina 
F. I. On temperature aging of highly co 
ersive alloys. 

Korchakhevich, V. D. Charting a capacitor 
from an a-c source through a vactiner. 
Guba, K. F. The frequency of a Rochelle salt 
piezo-vibrator as a function of tempera 

ture 

Kakhelnik, A. M. Application of rectifier type 
electric locomotives. 

Glebov, I. A., Zonov, §. F. Tests on the trial 
electronic exciter installation for hydro 
electric generators. 

Suetin, T. A. Type IVS 200/2 ignitrons. 


Discussion 
In other Engineering Journals 
Chronicle 


Bibliography 





AIEE Fort Wayne Section 


It has been announced that the date of 
October 9, 1958, has been selected for the 
50th Anniversary Celebration of the Fort 
Wayne Section of the Institute. 
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Canadian Sectional Meeting 
of the World Power Conference 


One of the largest international gather- 
ings of its kind ever held will open in 
Montreal, Que., Canada, on September 7. 

The occasion is the technical session of 
the World Power Conference, meeting in 
Canada for the first time in its history 
and expected to attract more than 1,000 
scientists, engineers, economists, and other 
experts from some 50 different countries. 

The meeting will be held at The Queen 
Elizabeth, Canada’s newest and _ largest 
hotel, September 7-11, 1958. Proceedings 
will be conducted in English and French, 
by means of simultaneous translation 
facilities set up especially for the event. 

In addition to participation in the tech- 
nical session in Montreal, many of the 
delegates plan to accompany study tours 
which have been organized to visit im- 
portant hydro, thermal, and atomic en- 
ergy plants. 

Founded in Great Britain in 1924, the 
Worlc Power Conference is an_ inter- 
national nongovermental agency which 
forms a continuing link between the dif- 
ferent branches of power and fuel tech- 
nology, between experts of the nations 
of the world, and between scientists and 
engineers on the one hand and economists 
and administrators on the other. Some 
52 countries have membership and main- 
tain national committees within the or- 
ganization, and additional countries par- 
ticipate in the technical meetings. 

Since the first World Power Conference, 
held in Great Britain in 1924, 14 plenary 
and sectional meetings have been held, 
the most recent in Belgrade, Yugoslavia, 
in 1957. Only once before has the Con- 
ference met in North America, and that 
was 22 years ago, in Washington, D.C. 

Theme of the Canadian sectional meet- 
ing, according to Major General H. A. 
Young, Canada’s deputy minister of pub- 
lic works and chairman of the Canadian 
Committee, will be “Economic Trends in 
the Production, Transportation, and 
Utilization of Fuel and Energy.” Some 
150 technical papers are being presented 
under these three main divisions. Discus- 
sion of the papers will be in English and 
French, the two official languages chosen 
for the meeting. 

Under the ‘production’ section of the 
Conference, delegates will examine trends 
in the production of hydraulic energy, of 
thermal energy, including coal, oil, and 
nuclear, and of other forms of energy. 
Economic trends in the transportation of 
fuel and energy by electric transmission, 
rail, water, pipeline, and other means will 
be studied under Division II. Finally, the 
economic trend in the use of power in 
business and industry, in transportation, 
on the farm, and in the home, will be 
discussed under the utilization division. 

Post-Conference tours will include visits 
to many points of interest. One of these 
will enable delegates to study the St. Law- 
rence Seaway and Power Project, power 
development at Niagra Falls, and an 
atomic reactor at Shippingport, Pa. In 
others, hydroelectric developments at 
Beauharnois and on Quebec’s Saguenay, 
Peribonka, Bersimis, and St. Maurice 
Rivers will be visited. Arrangements 
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have been made fo an inspection of the 
Richard L. Hearn thermal plant in 
Toronto as well as of a hydraulic labora- 
tory at Islington, Ontario. 

Hugh Crombie, vice-president of Do- 
minion Engineering Works Ltd., is gen- 
eral chairman of the various subcommit- 
tees involved in making arrangements for 
the Canadian meeting. General Secretary 
is T. M. Patterson, director of the Water 
Resources Branch of Canada’s Depart- 
ment of Northern Affairs and National 
Resources. 

Chairmen of the subcommittees in- 
clude: J. A. Fuller, president, Shawinigan 
Water & Power Co.; R. Latreille, commis- 


sioner, Quebec Hydro-Electric Commis- 
sion; A. C. Abbott, vice-president, Sha- 
winigan Water & Power Co.; R. L. Hearn, 
consulting engineer; B. C. Fairchild, man- 
aging director, Canadian Electrical Asso- 
ciation; M. P. Murphy, executive vice- 
president, Northern Electric Co.; R. L. 
Dunsmore, president, Champlain Oil 
Products Ltd.; Alan Field, director, Cana- 
dian Government Travel Bureau; L. A. 
Wright, general secretary, The Engineer- 
ing Institute of Canada; A. W. Manby, 
general manager, The MHydro-Electric 
Power Commission of Ontario; and Louis 
O'Sullivan, commissioner, Quebec Hydro- 
Electric Commission. 


“Research—Gateway to the Future” 


Will Be Theme of Fall General Meeting 


THE 1958 Fall General Meeting of the 
AIEE will be held in Pittsburgh, Pa., Oc- 
tober 26-31. Headquarters for the meeting 
will be the Penn-Sheraton Hotel which is 
located across from new Mellon Square 
Park, in the heart of the Golden Triangle. 
On Thanksgiving Day of 1958, Pitts- 
burgh will begin a year long celebration 
of its Bicentennial as the “Gateway to the 
Future.” It is appropriate, therefore, that 
the Local Arrangements Committee has 
selected as the theme for the Fall Meeting 
“Research—Gateway to the Future.” 


Inspection Trips 


Plans have been made to visit the re- 
search centers of the Aluminum Company 
of America, United States Steel, and West- 
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inghouse Electric Corporation. Under the 
auspices of the Union Switch and Signal 
Co., an inspection trip will be made to 
Conway, Pa., where the Pennsylvania 
Railroad operates one of the world’s larg- 
est automatic classification yards. There 
will also be trips to the United States Steel 
Irvin Works, and to the Westinghouse 
Atomic Reactor Valuation Center and 
Atomic Power Division. A highlight of the 
inspection trip program will be a visit to 
the Shippingport Atomic Power Station 
which is uperated by the Duquesne Light 
Company of Pittsburgh. 


ladies Activities 


The Ladies Activity Committee, headed 
by Mrs. Tomlinson Fort, is arranging an 


AN INSPECTION TRIP of the Shippingport Atomic Power Station of the Duquesne Light Company 
will be made on Wednesday, October 29, in connection with the AIEE Fall General Meeting. 
This is the world’s first full scale electric power plant devoted exclusively to peacetime needs 
utilizing an atomic reactor as its primary heat source. 
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mteresting program for the ladies who at- 
tend the Fall Meeting. Among the events 
scheduled are a luncheon at the Longue 
Vue Country Club, a dessert-bridge at the 
Duquesne Light Company’s Utility Hall, 
and a visit to the Nationality Rooms at 
the University of Pittsburgh. The Presi 
dential Suite in the Penn-Sheraton Hotel 
will serve as the headquarters for the 
ladies throughout the week. 


Committees 


The members of the Fall General Meet- 
ing Committee are: A. A. Johnson, chair- 
man; Dixon Lewis, vice-chairman; W. H. 
Osterle, secretary; A. P. Hayward, treas- 
urer; Pascal Beckjord, hospitality; C. N. 
Clark, hotels, meeting rooms, and facili- 
ties; Mrs. Tomlinson Fort, ladies activities; 
M. P. Getting, registration; E. L. Harder, 
program; W. R. Harris, chairman Pitts- 
burgh Section; E. M. Hays, inspection 
trips and transportation; R. E. Larson, 
papers, printing, and tickets; E. S. Reeser, 
entertainment; F. H. Schlough, publicity; 
B. R. Teare, Jr., vice-president, District 
No. 2; and E. M. Williams, student ac- 
tivities. 


Conference on Electronic 
Standards and Measurements 


The AIEE Electronic and _ High- 
Frequency Instruments Committee, under 
the Chairmanship of Ferdinand Ham- 
burger, Jr., is serving as cosponsor of a 
Conference of national scope to be held 
in Boulder, Colo., on August 13-15, 1958. 
Other cosponsors will include the Pro- 
fessional Group on Instrumentation of 
the Institute of Radio Engineers (IRE), 
and the Radio Standards Laboratory of 
the National Bureau of Standards (NBS). 
The Conference will be held immediately 
prior to the IRE’s WESCON in Los An- 
geles, Calif., which begins August 19. 

Registration fee is $5. The second and 
detailed announcement for the Conference 


was distributed through a large mailing 
in June. If you did not receive a copy 
(including registration form), it may be 
obtained by writing to: J. F. Brockman, 
NBS Boulder Laboratories, Boulder, Colo. 

Since the Conference is being held dur- 
ing the popular tourist season, it is very 
advisable to register and make housing 
reservations well in advance. 

The Conference will be held in an area 
of great scenic beauty. The social events 
and sightseeing trips will appeal to the 
entire family. 

The tentative technical program for the 
Conference follows. 


Wednesday, August 13 


1:30 p.m. Session 1 


Opening Address: A. V. Astin, director, NBS, 
Washington, D.C. 


Introduced by Conference Chairman, B. M. 
Oliver, Hewlett-Packard Co. 


“The Relationship of Standards to Physical 
Constants” 
Chairman, J. M. 
Laboratories 


Standards and Physical Constants. R. D. Hun- 
toon, NBS, Washington, D.C. 


Richardson, NBS Boulder 


Present Status of Precise Information on the 
Universal Physical Constants. Has the Time 
Arrived for Their Adoption to Replace Our 
Present Arbitrary Conventi 1 Standards? 
J]. W. M. DuMond, California Institute of 
Technology 





A Free Precession Determination of the Pro- 
ton Gyromagnetic Ratio. P. L. Bender, R. L. 
Driscoll, NBS, Washington, D.C. 


The Absolute Determination of “g.” H. Pres- 
ton-Thomas, National Research Council, Ot- 
tawa, Canada 

Atomic Beam Sources and the Standard of 
Length. K. G. Kessler, R. L. Barger, W. G. S. 
Schweitzer, NBS, Washington, D.C. 


Thursday, August 14 


8:45 a.m. Session 2 


“Frequency and Time Interval Standards” 
Chairman, W. A. Edson, General Electric 
Company 





New Orleans Section Chairmen 


S. G. DINKEL (lef?) re- 
ceives gavel from 
A. J. Lehman (right), 
outgoing chairman of 
the New Orleans Sec- 
tion of AIEE. Mr. 
Dinke! was installed 
as chairman for the 
1958-59 year at the 
annual = dinner-dance 
held May 24, 1958. 
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Ultra-Precise Quartz Crystal Frequency Stand- 
ards. A. W. Warner, Bell Telephone Labora 
tories, Inc. 


Use of Internal Friction Measurements in De- 
termining the Causes of Frequency Instabili- 
ties in Mechanically Vibrating Frequency 
Standards. W. P. Mason, Bell Telephone Lab- 
oratories, Inc. 


Cesium Beam Frequency Standard Develop- 
ment in Canada, S. N. Kalra, R. Bailey, 
H. Damms, National Research Council, Ot- 
tawa, Canada 

The Ammonia Maser as an Atomic Fre- 
quency and Time Standard. R. C. Mockler, 
]. Barnes, R. Beehler, H. Salazar, L. Fey. 
NBS Boulder Laboratories 


Results of Comparison: Atomichron—British 
Cesium Beam Standard. A. O. McCoubrey, 
National Company, Inc. 


Recent Long-Distance Frequency Comparisons. 
]. A. Pierce, Cruft Laboratory, Harvard Uni- 
versity 


2:00 p.m. Session 3 


“Direct Current and Low Frequency 
Standards” 

Chairman, Chester Peterson, NBS, Washing- 
ton, D.C. 


Introductory Remarks: F. B. Silsbee, NBS, 
Washington, D.C. 


The Derivation of Resistance, Inductance, and 
Capacitance from the NPL Standard of Mu- 
tual Inductance. G. H. Rayner, National 
Physical Laboratory, Teddington, England 


The Construction and Characteristics of 
Standard Cells. G. D. Vincent, The Eppley 
Laboratories, Inc. 


AC-DC Transfer Instruments for Current 
and Voltage Measurements. F. L. Hermach, 
NBS, Washington, D.C. 


Inductronic Electro-Dynamometer. R. F. 
Estoppey, Weston Instruments, Division of 
Daystrom, Inc. 


Precise Measurement of Small Capacitance. 
A. M. Thompson, National Standards Labora- 
tory, Chippendale, Australia; read by F. K. 
Harris, NBS, Washington, D.C. 


New Apparatus at NBS for Absolute Capaci- 
tance Measurement. M. C. McGregor, National 
Standards Laboratory, Chippendale, Australia; 
J. F. Hersh, General Radio Co.; R. D. Cutkos- 
ky, F. K. Harris, F. R. Kotter, NBS, Wash- 
ington, D.C. 


7:30 p.m. Session 4 


“Radio Frequency Standards” 
Chairman, D. C. Ports, Jansky and Bailey 


High Frequency Standards of the NBS Elec- 
tronic Calibration Center. M. C. Selby, NBS 
Boulder Laboratories 


High .Frequency Impedance Standards at the 
National Bureau of Standards. R. C. Powell, 
R. M. Jickling, A. E. Hess, NBS Boulder 
Laboratories 


Calibration of Signal Generator Output Volt- 
age in the Range 100 to 1,000 Megacycles. 
G. U. Sorger, B. O. Weinschel, A. L. Hedrick, 
S. R. Raff, Weinschel Engineering 


Design and Development of a Standard White 
Noise Generator and Noise Indicating Instru- 
ment. H. Zucker, Y. Baskin, S. I. Cohn, 
Armour Research Foundation; J. Lerner, 
A. Rosenblum, U. S. Army Signal Engineering 
Laboratories, Fort Monmouth, N.J. 


A Dry, Static Calorimeter for RF Power 
Measurement. P. A. Hudson, C. M. Allred, 
NBS Boulder Laboratories 


Radio Interferénce from Power Sources. R. M. 
Showers, University of Pennsylvania; W. E. 
Pakala, Westinghouse Electric Corporation 
Research Laboratories 


Friday, August 15 


9:00 a.m. Session 5 
“Microwave Standards” 


Chairman, D. D. King, Electronic Communi- 
cations, Inc. 
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Recent Developments in the Field of Micro- 
wave Power Measurements at the National 
Bureau of Standards. G. F. Engen, NBS 
Boulder Laboratories 


A New Estimating Method of Equivalence 
Error in the Microwave Microcalorimeter, 
Sunichi Omori, Kenjiro Sakurai, Electrotech- 
nical Laboratory, Tokyo, Japan 


The Theory of Low Temperature Bolometers 
Applied to the Measurement of Low Level 
RF Power. D. L. Birx, N. Fuschillo, The 
Franklin Institute Laborateries for Research 
and Development 


Reproducible Gas Discharge Noise Sources as 
Possible Microwave Noise Standards. K. W 
Olson, Bendix Aviation Corporation 


Recently Developed Microwave Impedance 
Standards and Methods of Measurement. 
R. W. Beatty, D. M. Kerns, NBS Boulder 
Laboratories 


Precision Microwave Phase Shift Measure- 
ments. Milton Magid, Hughes Aircraft Co 


A Precision Calibrator for Microwave De- 
modulators. Joseph Gindsberg, Raytheon 
Manufacturing Co. 


1:30 p.m. Session 6 


“The Organization and Operation of Stand 
ards Laboratories” 

Chairman, J. N. Whitaker, Hughes Research 
and Development Laboratories 


Evolution of a Standards Laboratory. C. E 
White, Avco R.A.D., Lawrence, Mass 


The Organization, Administration, and Op- 
eration of an Industrial Standards Labora- 
tory. J. N. Whitaker, Hughes Research and 
Development Laboratories 

A Centralized Facility for Electrical and Mi- 
crowave Calibrations in a Large Company. 
L. B. Wilson, Sperry Gyroscope Co 

The Instrument Calibration Program within 
the Department of the Navy. Lt. F. L. Roach, 
M. L. Scroggs, Department of the Navy 


Physical and Electrical Standardization Pro- 
gram for the AEC. H. C. Biggs, Sandia Cor- 
portion 


Uniform Nomenclature for Standards. 4. G. 
McNish, NBS, Washington, D.C. 


As a special event of the Conference, 
the NBS will dedicate the new Electronic 
Calibration Center. This ceremony, from 
10 a.m. to noon Tuesday, August 13, will 
precede the technical program. The for- 
mal dedication address will be given by 
the Honorable Walter Williams, Under 
Secretary of Commerce. Remarks will be 
given by Dr. P. D. Foote, Assistant Secre- 
tary of Defense, and by R. C. Sprague of 
the Sprague Electric Company. The 
Director, Dr. A. V. Astin, will speak for 
the NBS. 


British [EE 
Presents Commemorative Books 


The British Institution of Electrical 
Engineers (IEE) recently honored several 
Bell Telephone Laboratories engineers 
for the part they played in an_his- 
toric international meeting held last year. 

In an unusual international gesture, 
President T. E. Goldup of the IEE pre- 
sented each of the engineers with com- 
memorative volumes of papers they wrote 
for the Transatlantic Cable Symposium 
of January 1957. The presentation lunch- 
eon was held at the West Street branch 
of Bell Laboratories in New York City. 

Most of the engineers honored are 
members of the Laboratories. Two are 
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Western Electric men, one is from Long 
Lines, and one from the Canadian Over- 
seas Telecommunications Corp. 

Laboratories engineers included M. C 
Biskeborn, F. J. Braga, J. W. Emling, 
H. B. Fischer, J. M. Fraser, T. F. Gleich 
mann, A. W. Lebert, H. A. Lewis, G. H 
Lovell, J. O. McNally, G. W. Meszaros, 
E. T. Mottram, H. H. Spencer, R. S. 
Tucker, E. A. Veazie, M. G. Wooley. An- 
other of the authors, A. H. Lince, was 
presented with a commemorative volume 
during a recent trip to London. 

Other Bell System authors were W. W. 
Heffner and H. A. Lamb of Western Elec- 
tric and J. S. Jack of Long Lines. R. G. 
Griffith, another author, is with the Can- 
adian Company. 

President Goldup also presented copies 
of the volume to Dr. Kelly, who was also 
an author of a paper, W. J. Barrett, presi- 
dent of the AIEE and a member of the 
New Jersey Bell Telephone Company, 
and L. A. Wright, general secretary of 
the Engineering Institute of Canada 
(EIC). 

Ihe 1957 symposium was the first joint 
meeting of engineers in the United States, 
Canada, and England, connected across 
the Atlantic by the new submarine tele- 
phone cable. Participating in the confer 
ence were the AIEE, the IEE and the EIC 
(Electrical Engineering, April 1957, p. 
$25). 


A. Q. Adamson Named 
Winner of Marston Medal 


A. Q. Adamson was announced at the 
June commencement exercise at lowa 
State College, Ames, as the 1958 winner 
of the Marston Medal. The medal is given 
annually to a graduate in recognition of 
outstanding achievement in the field of 
engineering. 

Mr. Adamson was born a birthright 


Quaker on a farm near Ankeny (north ot 
Des Moines, Iowa), in 1881, and gradu- 
ated in civil engineering from the lowa 
State College in 1907, After two years on 
the YMCA staff in Salt Lake City, Utah, 
he went to China to take charge of an 
extensive building program there. In the 
next 20 years he acquired a knowledge 
of two Chinese dialects, and completed 
eight YMCA buildings designed by a Chi- 
cago architect. He also designed and com 
pleted 14 YMCA buildings and 24 resi- 
dences for American staff members. The 
buildings under his charge were con 
structed in 24 different cities in China 
and cost well over $3.5 million. While in 
China, Mr. Adamson took an active part 
in numerous civic activities and was presi- 
dent of the Shanghai Short Story Club 
and the Rotary Club in Hankow. 

When the building program in China 
was completed in 1928, he returned to 
the United States. Soon, however, his 
services were needed in Palestine where 
a YMCA building was to be erected in 
Jerusalem. After many obstacles were 
overcome, the building was completed in 
1933 

From 1933 to 1940, Mr. Adamson was 
with the Public Works Administration. 
In 1940, he was asked to return to China 
to look after the Army and Navy YMCA 
facilities. He was in Shanghai when the 
Japanese attacked. After being interned 
for three years, he was repatriated in 
1943. Having passed the retirement age 
for YMCA work, he returned to his home 
in California. 

n 1944, he returned to active life as 
a director of the building service depart 
ment of the Western Area USO. In 1948, 
he retired a second time to his California 
home in Los Gatos. 

He was made a life member of the 
American Society of Civil Engineers in 
1951. The Iowa State College Alumni 
Merit Award was presented to him in 
1957. 


DR. M. J. KELLY (left), president of Bell Telephone Laboratories, receives a commemorative 





volume of the Tr tlantic Cable Sy 
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papers from T. E. Goldup, president of the Insti- 


tution of Electrical Engineers (IEE) of England. Others are (left fo right) Dr. L. A. Wright, general 
secretary, the Engineering Institute of Canada; W. K. Brasher, secretary of the IEE; and W. J. 


Barrett, president of the AIEE. 
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Mr. Adamson is the 20th winner of the 
Marston Medal. The award has been 
made each year since 1938, except for one 
year during World War II. It is presented 
to an alumnus of the college in recogni- 
tion of outstanding achievement in the 
field of engineering and is presented in 
honor of the late Dean Anson Marston of 
the Division of Engineering. 

lo be eligible, the candidate must have 
an earned degree in some branch of en- 
gineering at lowa State College. An alum- 
nus must have at least 30 years standing 
in engineering. 

The award is made by a board consist 
ing of four alumni, one honorary mem- 
ber, each of the AIEE, American Society 
of Civil Engineers, American Society of 
Mechanical Engineers, and American In- 
stitute of Chemical Engineers, and the 
Dean of Engineering who serves as ex- 
officio chairman of the board. 


Petroleum Conference 
Scheduled for September 15-17 


The fifth AIEE Electrical Conference 
of the Petroleum Industry will take place 
in Dallas, Texas, September 15-17, 1958. 
Headquarters for the Conference will be 
the Baker Hotel. 

The tentative technical program fol- 
lows 


Sunday, September 14 
4:00 p.m. Registration— Mezzanine 


4:00 p.m. Reception—Texas Room 


Monday, September 15 
8:00 a.m. Registration—Mezzanine 
10:00 a.m. General Session—Ballroom 


Presiding: D. S. Coffman, Texas Power & 
Light Co., Conference chairman 


Welcome by Mayor 
Keynote Address 


Static Switching—Where It Stands Today and 
What It Promises for the Future. Dr. R. A. 
Ramey, Jr., C. R. Olson, Westinghouse Elec- 
tric Corporation 


12:00 Noon General Luncheon 


Presiding: L. E. Oberhelman, Standard Oil 
Company of Indiana, outgoing chairman of 
AIEE Petroleum Industry Committee 


Luncheon Speaker 


2:00 p.m. Refining—Banquet Rooms 1, 2, 
and 3 


Presiding: H. M. Stewart, Humble Oil & Re- 
fining Co 


Instantaneous Power System Load Control by 
Logic Static Switching. R. A. Wise, Bechtel 
Corporation; F. K. Fox, General Electric Com- 
pany 

Protective Relays in Oil Refineries (author 
and title to be announced) 


Characteristics of Pumps and Compressors 
which Affect the Motor Drive under Tran- 
sient Conditions. 1. B. Eddy, Universal Oil 
Products Co.; H. A. Weigand, Ingersoll-Rand 
Co. 

Control and Protection of Large Refinery 
Motors with Metal-Clad Switchgear. E. R. 
Brucklacher, A. H. Knable, Allis-Chalmers 
Manufacturing Company 


2:00 p.m. Transportation—Terrace Room 


Presiding: M. A. Hyde. Westinghouse Electric 
Corporation 


Wilthelmshaven-Cologne Pipeline. R. S. Can- 
non, Plantation Pipe Line Company 
Economics in Pipeline Engineering. F. V. 
Whitney, El Paso Natural Gas Co. 
Considerations in Selecting Prime Movers for 
Pipeline Pumping. O. F. Zedler, Jr., Humble 
Pipeline Co 


Electrical Features of the Four Corners Pipe 
Line. J. J. Sonnier, H. Siler, Shell Pipe Line 
Corp. 


2:00 p.m. Production—Ballroom 

Presiding: C. H. Eckel, Humble Oil & Refin- 
ing Co. 

Remote Operation of Offshore Gas Conden- 


sate Production. V. L. Ackerman, W. K. Lew- 
right, Pure Oil Co. 


Electric Power and Remote Controls for Off- 
shore Production on Phillips Eugene Lease. 
R. W. Elliott, Phillips Petroleum Co. 


Lease Automatic Custody Transfer. J. W. 
Montgomery, Shell Oil Company 


6:00 p.m. Cocktail Hour and Banquet— 
Terrace Room 


Presiding: D. S. Coffman 


Tuesday, September 16 


8:00 a.m. Transportation—All Day Inspec- 
tion Trip 


7:30 a.m. Production—All Day Inspection 
Trip 


9:00 a.m. Refining—Texas Room 


Presiding: H. M. Stewart, Humble Oil & 
Refining Co. 


Problems Associated with Application of 
Large Synchronous Drives to FCC Unit. §. P. 
Axe, Atlantic Refining Company; F. A. Lein- 
berger, General Electric Company 


Application of an 11,000-Hp Synchronous Mo- 
tor to a Refining Unit. K. R. Sheetz, E. L. 
McHenry, Standard Oil Company of Indiana 
Large Squirrel-Cage Induction Motors in Re- 
finery Service. G. H. St. Onge, Esso Research 
and Engineering Company 

The Concept of “In Phase’ Transfer Applied 
to Industrial Systems Serving Essential Service 
Motors. C. C. Young, J. Dunki-Jacobs, Gen- 
eral Electric Company 


12:30 p.m. Luncheon—Refining Group 
2:00 p.m. Refining—Texas Room 


“Panel Discussion on Large Motors” 
Scope: I. The Viewpoint of Users 
Il. The Viewpoint of Manufacturers 
III. The Viewpoint of Utility Suppliers 
IV. The Viewpoint of Consultants 


8:00 p.m. Production Subcommittee Meet- 
ing 


Presiding: C. H. Eckel, Subcommittee chair- 
man 


Wednesday, September 17 


9:00 a.m. Production—Lounge Room 


Presiding: C. H. Eckel, Humble Oil & Refin- 
ing Co. 


The Proper Selection of Control Material in 
Contactor Relays and Motor Starters. A. j. 
Zavada, Electric Controller Products 

Normal Slip vs High Slip Motors. Frank 
Beach, Cities Service Oil Co.; J. H. Day, Jr., 
General Electric Company; T. L. Scott, Phil- 
lips Petroleum Co. 
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9:00 a.m. Transportation—Texas Room 
Presiding: C. D. Catt, El Paso Natural Gas 
Co. 


The Pipeline Industry’s Use of the Tools of 
Automation. £. B. Turner, General Electric 
Company 


Recent Developments in Supervisory Control 
for Pipelines. General Electric Company 


9:00 a.m. Panel Discussion on Batch In- 
terface Detectors 

Moderator: C. F. Barnard, Pipeline Engineer- 
ing Co, 

C. V. Baxter, Salt Lake Pipeline Co 

C. W. Biackburn, Phillips Petroleum Co 

R. R. Hancox, Great Lakes Pipeline Co 

W| W. Holt, Jr., Plantation Pipeline Co 

R. L. Smith, Southeastern Pipeline Co 


9:00 a.m. Refining—Terrace Room 


Presiding: L. B. Eddy, Universal Oil Products 
Co. 


Power and Control Cables for Oil Refineries. 
B. J. Mulvey, J. Dunki-Jacobs, E. R. Kerwin, 
General Electric Company 


Outdoor Explosionproof Division 2 Electrical 
Service for a Refinery Process Unit. W. R 
Smith, Humble Oil & Refining Co. 


The Use of Aluminum Conduit on Cooling 
Towers. H. M. Tomlinson, Jr., Celanese Cor- 
poration 


12:00 Noon Luncheon and Petroleum In- 
dustry Committee Meeting—English Room 


2:00 p.m. Production—Lounge Room 


An Electric Rig. £. House, Reliance Electric & 
Engineering Co. 


Diesel Electric Drilling Equipment. 7. A. Gal 
lagher, W. R. Jones, Alco Products, Inc. 


2:00 p.m. Transportation Subcommittee 
Meeting—Texas Room 


Presiding: C. D. Catt, mew chairman of 
rransportation Subcommittee 


2:00 p.m. Refining Subcommittee Meeting 
—Terrace Room 


Presiding: L. B. Eddy, new chairman of Re- 
fining Subcommittee 


Successful Western Joint 
Computer Conference Held 


On May 6-18, the very successful 1958 
Western Joint Computer Conference, 
“Contrasts in Computers,” was held at the 
Los Angeles (Calif.), Ambassador Hotel. 
Regarded by the Conference Committee 
as the “150% Conference” because every 
event—technical as well as social—was 
about half again as large as predicted, 
the Conference registered a total of over 
1,800 people. It was the largest of the 
Western Conferences thus far. 

An outstanding program was presented 
by the Technical Program Committee. In 
the keynote session which was devoted to 
exploring the possible social problems 
which may arise from widespread automa- 
tion, a number of very intriguing and 
significantly new computer applications in 
the social and behavioral sciences were 
suggested. Six invited panel discussions 
presented and explored several of the 
controversial questions of the present com- 
puter art and six sessions of contributed 
papers described some of the recent ad- 
vances in computer hardware and com- 
puter applications. A “bonus feature” of 
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the technical program was the added 
technical session devoted to a paper de- 
scribing the recently announced French 
Gamma-60 computer. 

Some 50 exhibitors demonstrated recent 
components, equipment, techniques, and 
company progress in the 80 booths of the 
exhibit area. The social events of the 
Conference—the women’s activities, the 
cocktail party, and the luncheon—were 
all oversubscribed, and contributed to the 
success of the Conference 

Following the Conference, a one-day 
Symposium on “Small Automatic Com- 
puters and Input/Output Equipment,” 
was sponsored by the Los Angeles Chapter 
of the Association for Computing Ma- 
chinery (ACM), and attended by 350. 
Eight papers from the manufacturers de- 
scribed their latest equipment. 

Proceedings of the Conference will be 
published in the late fall of 1958 and will 
be available to nonregistrants from the 
three cosponsoring societies: AIEE, ACM, 
and Institute of Radio Engineers. A Pro- 
ceedings of the Symposium will be pub- 
lished at a later date by the ACM. 


American Automatic 
Control Council Officers 


The American Automatic Control Coun- 
cil has adopted a Constitution with the 
approval of the constituent societies 
which are: AIEE, American Society of 
Mechanical Engineers, American Institute 
of Chemical Engineers, Institute of Radio 
Engineers, and Instrument Society of 
America. 

An election of officers was held by mail 
ballot with the following results: Presi- 
dent—Prof. Rufus Oldenburger (M ‘'55), 
School of Mechanical Engineering, Pur- 
due University, Lafayette, Ind.; Vice- 
President—Dr. ]. C. Lozier, Bell Tele- 
phone Laboratories, Whippany, N. J. 
Secretary-Treasurer—W. &. Vannah, Con- 
trol Engineering, McGraw-Hill Publish- 
ing Company, 330 W. 42nd St., New York 
3, NAY, 

The officers were elected to serve until 
the end of 1959. 


Results of the District 
Student Papers Competition 


The winners of the AIEE District 
Student Prize Papers Competition have 
been announced. 

In- addition to the $25 Institute award 
to each first prize winner in the District, 
the Members-for-Life Fund has provided 
additional prizes which include a trip to 
the Summer General Meeting for the first 
prize winners, $25 for second prize, and 
$15 for third prize. 

The following students are the recipi- 
ents of these awards. 


District No, 1 

1. M. W. Musbach, Union College, 
“Communications System for Scuba 
Divers.” 

2. David Gross, Rensselaer Polytechnic 
Institute, “A Liquid Level Senser.” 


Aucust 1958 


Spokane Section Officers for 1958-59 





R. D. BROWN (left), outgoing chairman, greets the incoming officers of the AIEE Spokane, 
Wash., Section for the year 1958-59: (leff fo right) L. C. Ford, chairman; W. A. Morgan, vice 
chairman; J. A. Wright, executive board; J. F. Eyrich, secretary-treasurer; and L. W. DeMaster, 
executive board. W. A. Heineck, executive board, is not present. 





AIEE Cleveland Section on TV 


THE CLEVELAND SECTION OF AIEE recently sponsored a television program portraying important 
electrical engineering events contributing to our high standard of living. The development of a 
transformer by George Westinghouse that successfully harnessed alternating current and enabled 
man to embark on a new industrial era was highlighted on the local Cleveland television show, 
“Breakthrough,"’ on Sunday, April 20. In scene above, actors portraying Mr. Westinghouse, his 
wife, Patricia, and his close associate, William Stanley, discuss the possibility of redesigning the 
transformer to transmit alternating current. Basic features incorporated on that early transformer 
have been standard ever since. “Breakthrough” is a joint project of KYW-TV and the Cleveland 
Technical Societies Council. John Ponstingl, AIEE Television Committee, Westinghouse Electric Cor- 
poration served as technical adviser for this program. 
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5. W. H. Leipold, University of Buffalo, 
“The Logic Circuit Simulator.” 


District No. 2 

1. I. E. Sutherland, Carnegie Institute 
of Technology, “Parallels, Men, and 
Machines.” 

2. Azatollah Farokhrooz, Lafayette Col- 
lege, “The Distribution of Current along 
Center Fed Cylindrical Antennas.” 

3. C. W. Hardy, Johns Hopkins Univer- 
sity, “Operational Amplifiers in Analog 
Computors.” 


District No. 3 

1. Peter Hirsch, Polytechnic 
of Brooklyn, “Linear Phase 
Amplifiers.” 

2. Saul Walker, New York University, 
“A Complementary Symmetry Multivi- 
brator.” 

3. A. R. Lopez, Manhattan College, “A 
Unique Analysis of a Half Wave Diode 
Rectifier.” 


Institute 
Transistor 


District No. 4 

1. Copthorne Macdonald, University of 
Kentucky, “A Slow-Scan TV System for 
Image Transmission.” 

2. W. E. Montgomery, Duke University, 
“An Electronic Microscope.” 

3. B. W. Daugherty, V. E. Rochat, Uni- 
versity of Tensessee, “The Passive Analog 
Computer.” 


District No. 5 

1. J. A. Lauder, University of Michigan, 
“An Electronic Random Number Genera- 
tor.” 

2. R. F. Green, Marquette University, 
“Nuclear Batteries.” 

3. Paul Scheibe, University of North 
Dakota, “Phase-Locked Oscillator Systems 
as Applied to Double Sideband Sup- 
pressed Carrier Communications.” 


District No. 6 

1. A. P. Wilson, South Dakota School 
of Mines and Technology, “Two Variable 
Comparison with Factorial Experimenta- 


tion as Applied to the Static Character- 
istic of a Transistor.” 

2. P. G. Bernard, University of Ne- 
braska, “Toward a Universal Test of 
Vacuum Tubes.” 

$. P. C. Callan, South Dakota School of 
Mines and Technology, “An Amplidyne 
Voltage Regulator.” 


District No. 7 

1. J. R. Cox, Texas A & M College, 
“Grid Current Measurements with a D-C 
Analog Computer.” 

2. D. C. Watkins, Rice Institute, “In- 
vestigation of Unstable Linear Networks 
by the Application of Feedback Tech- 
niques. 

8. D. P. Maragni, University of St. Louis, 
“Methods of Load Forecasting.” 


District No. 8 

1. A. R. Wilson, R. A. Mintz, California 
State Polytechnic Institute, “A Serial Bi- 
nary Adder for a Digital Computer.” 

2. R. D. Young, University of Arizona, 
“A Passive Reactance Modulator.” 

3. Douglas MacMillian, University of 
California (Berkeley), “Oscillatory Char- 
acteristics of a Saturable Reactor.” 


District No. 9 

1. D. B. Ulm, Myron Hurlbut, Oregon 
State College, “Effects of Phase Shift Be- 
tween Applied Voltages of a Magnetic 
Amplifier.” 

2. W. S. Perkes, N. C. Rigby, University 
of Utah, “A Small Relay Digital Compu- 
ter.” 

3. G. A. Rodeman, Washington State 
College; Richard Daniel, University of 
Alaska; W. T. Booth, Montana State 
College. . 


District No. 10 (No Contest) 


District No. 11 

1. W. C. Susor, University of Toledo, 
“Design of Nuclear Reactor Simulator 
for Control System Testing.” 

2. R. A. Thompson, R. G. Tomlinson, 


NEW AIEE FELLOWS receive diplomas from Philadelphia Section members: (left to right) N. E. 
Funk, J. H. Harlow, J. H. Neher, A. H. Kidder, all of the Philadelphia Electric Company; and 
C. H. Titus, V. L. Cox, of the General Electric Company. 


750 


Institute Activities 


Case Institute of Technology, “Polariza- 
tion Studies of Satellite Signals.” 

3. P. L. Klingenmeier, University of 
Cincinnati, “Design and Construction of 
a Variable Bandwidth LF. Filter.” 


District No, 12 

1. Robert Doyle, Northeastern Univer- 
sity, “Cathode-Ray Tube Gun Design for 
Storage Tube Application.” 

2. J. C. Sethares, University of Massa- 
chusetts, “A Voice Operated Typewriter.” 

3. D. H. Wordell, Bradford-Durfee 
Technical Institute, “Solutions for Abso- 
lute Inequalities.” 


Conference on Application 
of Electrical Insulation Planned 


The First National Conference on the 
Application of Electrical Insulation, to be 
held in Cleveland, Ohio, September 3-5, 
1958, is being cosponsored by the AIEE 
and the National Electrical Manufacturers’ 
Association (NEMA). The purpose is to 
provide a meeting ground for the maker 
and user of electrical insulation where 
there can be a mutual interchange of prac- 
tical technical information on a formal 
and informal basis, thereby leading to 
better utilization of existing materials, to 
better direction in the development of new 
materials, and to better methods of inter- 
changing information. 

This will be the first meeting of this 
type ever held in the United States attract- 
ing everybody either directly or indirectly 
interested in electrical insulation, both for 
military and civilian purposes. Attendance 
of between 1,500 and 2,000 is anticipated. 

Activities at Cleveland will include tech- 
nical sessions, a commercial trade show 
exhibiting electrical insulation materials, 
and technical exhibits by manufacturers of 
electrical equipment. 

In addition to the cosponsors, other 
technical societies and trade associations 
are participating in the counseling and 
preparation of the program of this, the 
first industry-wide conference ever devoted 
exclusively to electrical insulation mate 
rials. 


Philadelphia Section Hears 
Panel on Engineering Shortage 


The May Main Section meeting of the 
AIEE Philadelphia Section featured a 
panel on “The Engineering Shortage— 
Fact or Fancy.” Participants were: Dr. 
W. H. Chartener, department of eco- 
nomics, McGraw-Hill Publications; P. H. 
Robbins, executive director, National 
Society of Professional Engineers; and 
J. Amann, president, Engineers and Scien- 
tists of America. The panelists denied 
that there was any present shortage of 
engineers in spite of the current belief 
to the contrary. Dr. Chartener, however, 
said that an increasing demand for engi- 
neers will create a shortage in the coming 
years. All said that more encouragement 
should be shown engineers with great 
abilities. 

T. A. Smith, executive vice-president, 
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industrial exectronic products, Radio 
Corporation of America, spoke at the 
April Main Section meeting on “Commu- 
nications—The Growing Servant of In- 
dustry.” He showed how the communi- 
cations field has progressed during the 
past and described some of the major 
breakthroughs. Mr. Smith envisions wide- 
spread use of radio in place of phone 
lines in many of the world’s more remote 
and backward areas. He also stated that 
communication between the Earth and 
manned rockets or satellites would merely 
be an extension of the system now used to 
obtain information from unmanned satel- 
lites. 

Fellow Diplomas were presented at 
this meeting to the following members 
of the Section: J. H. Harlow, J]. H. Neher, 
and C. H Titus. 

Mr. Harlow, chief mechanical engineer 
of Philadelphia Electric Company, was 
awarded his diploma by N. E. Funk, re- 
tired vice-president of the Philadelphia 
Electric Company and a former national 
president of the AIEE. Mr. Harlow is a 
member of the Recognition Committee 
of the Engineers’ Council for Professional 
Development. Mr. Neher, senior engineer 
of the Electrical Research Section, Phila- 
delphia Electric Company, was presented 
his diploma by A. H. Kidder, research 
engineer of the Philadelphia Electric 
Company. Mr. Neher is chairman of the 
Committee on Science and the Arts of 
Philadelphia's Franklin Institute and is 
the holder of several patents on protec- 
tive equipment. Mr. Titus is manager- 
engineering, Engineering Research and 
Development Laboratory, General Elec 
tric Company Switchgear and Control 
Division. He is the holder of patents on 
various electromechanical devices. His 
diploma was awarded by V. L. Cox, mana 
ger of the switchgear laboratories depart- 
ment. 


Section Study Groups 
Based on AIEE Red Book 


In October 1956, the AIEE released pub- 
lication No. 952 on “Electrical Power Dis- 
tribution for Industrial Plants,” com- 
monly known as the Red Book. This pub- 
lication was prepared by the Electric 
Power Distribution for Industrial Plants 
Subcommittee of the Industrial Power 
Systems Committee, and represents the 
knowledge and experience of over 80 
top flight industrial electrical engineers. 

The purpose of this publication is to 
bring to the attention of engineers, owners, 
and plant management the important 
features of well designed electrical distri 
bution systems that result in satisfactory 
performance of utilization equipment and 
efficient operation of the plant. However, 
this publication is not fulfilling its pur 
pose when copies are gathering dust in 
the mailing room at National Head- 
quarters. 

One way to circulate this publication is 
through study groups on industrial power 
distribution systems which have been 
formed in various AIEE Sections. 

The purpose of these study groups is 
to bring to the attention of management, 
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B. H. Martin 


E. B. Curdts 
58-223 


58-225 
58-226 


58-532 
H. Brysk 
58-534 
58-538 
58-575 
L. S. Schwartz 


58-700 


58-702 
Reactor Power Plants. L. C. 
58-703 


D. P. Waite 
58-708 
D. F. Ryan, J]. H. Magee 
58-709 


]. L. Cockrell, C. W. Ricker 





Conference Papers Open For Discussion 


Conference papers listed below have been accepted for AIEE Transactions 
and are now open for written discussion until August 27. Duplicate double- 
spaced typewritten copies of each discussion should be sent to E. C. Day, Assist 
ant Secretary for Technical Papers, American Institute of Electrical Engineers, 
33 W. 39th St., New York 18, N. Y., on or before August 27. 


Reactions of Bistable B-H Loops on Magnetic Amplifiers. R. E. Morgan 
The Use of Electricity for House Heating in the Tennessee Valley. 


Some of the Fundamental Aspects of Ground Resistance Measurements. 


Comparison of Calculated and Measured Arc-Back Current in Large 
Power Rectifier Systems. /. Teno, C. H. Titus, R. N. Wagner 

Field Testing D-C Air Circuit Breakers on a High-Capacity System. 
P. L. Hartsock, T. J. Scully, V. 
A Mathematical Medel and Procedure for Arc-Back Current Calcula- 
tions for Power Rectifiers. H. P. Fullerton, J. Teno 

Measurement of the Scattering Matrix with an Intervening Ionosphere. 


N. Stewart 


Spinning Disk Random Selectors. G. 4. Roberts 
The Analysis of Redundancy Networks. F. Moskowitz 
Operations Research in Communications. B. Harris, A. Haupischein, 


Also the following papers presented at the third Nuclear Engineering and Science 
Conference held during the 1958 Nuclear Congress: 


An Electronic Feedwater Control System for the Experimental Boiling 
Water Reactor. R. H. Morse, R 
Main Coolant Instrumentation for High-Performance Pressurized Water 
Noyes 

Steam Generator Instrumentation for a Nuclear Power Plant with 
Analog Computer Verification of Dynamic 


Modular Concepts in Reactor Control Instrumentation. J. / 
Variation of the Trip Point 
Reprints may be purchased at 40¢ each to members, 80¢ each to nonmembers 


if accompanied by remittance or coupons. Please order by number and send 
remittance to: AIEE Order Department, 33 West 39th St.. New York 18, N. Y 


N. Brey, Jr. 
Action. E. E. Lynch, 
Cockrell, 


in the ORNL-Type Safety System. 








electrical engineers, contractors, etc., the 
part that power distribution plays in the 
activity of a manufacturing plant. The 
reasons for good power distribution are 
found in publication No. 952, but unless 
management can be convinced of the need 
for a better distribution system, the Red 
Book cannot do much to eliminate the 


STUDY GROUP in ac- 
tion in Detroit, Mich. 
This is one of the 
study groups which 
have been organized 
on “Electric Power Dis- 
tribution Systems” in 
the various AIEE Sec- 
tions throughout the 
United States. 
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many inadequate and unsafe systems in 
the country. The audience participating 
in these study groups indicates that power 
distribution is “everybody's business.”” By 
“everybody” we mean not only members 
of AIEE or people directly connected with 
the electrical industry, but all plant oper- 
ating personnel including owners, various 





types of engineers, and management per- 
sonnel who, on the surface, seem far re- 
moved from power distribution. The at- 
tendance record of 90% or better at each 
meeting of these study groups indicates 
that, regardless of their level of manufac- 
turing, the audience found the subjects 
covered to be of great interest. 

The benefits of study groups to the 
AIEE are twofold. One, and perhaps the 
greatest benefit, is in reaching the vast 
audience of people with whom electrical 
engineers are in constant contact, and 
demonstrating to them that their engin- 
eering society is interested in all phases 
of engineering which touch their fields of 
endeavor. In many sections, the AIEE is 
looked upon as an organization composed 
of college professors and scientists who 
struggle with problems of highly complex 
and involved equipment restricted in most 
cases to the laboratory. Electrical engin- 
eers are often accused of hiding behind 
the “smoke screen” of highly technical 
terms and glossary in order to mystify 
their fellowmen with their productive 
output. The study groups have demon- 
strated that basic problems can be ex- 
plained to the laymen especially where 
that layman has the power of saying “yes” 
or “no” to any proposal for much needed 
electrical equipment. There are few mys- 
teries in industrial power distribution 
systems which cannot be explained to a 
plant manager in understandable terms 

Each study group should be_ built 
around local needs. The number of meet- 
ing nights and topics covered at each 
meeting are a problem which can best be 
worked out by the individual Section. 

Wherever possible, local speakers should 
be obtained. In the larger cities this is no 
problem as the various electrical manufac- 
turing companies offer a large pool of tal- 
ent. In smaller localities, such as the New- 
ark, Ohio, area, the speakers have to come 
from outside the local area. As the reg- 
istrations come in, it is well to advise the 
speakers concerning the people who plan 
to attend so that they may prepare their 
talk for the typical participant. 


The second benefit to AIEE is in re- 
cruiting new members. The study group, 
in many cases, is the first contact that 
many electrical engineers have with the 
activities of the Institute. Many Sections 
have reported increased membership re- 
quests as a direct result of study group 
activity. 

The study groups can also be a source 
of revenue to help defray Section expenses. 
The fee charged for participation can, in 
the larger groups, amount to a consider- 
able amount. This money can be used to 
further Section activities, such as individ- 
ual lectures, dinners, and college activi- 
ties. An example is presented by one of the 
larger Sections where an announcement of 
a study group on industrial power distri- 
bution brought forth 390 registrations at 
$10 a piece, necessitating two sessions in 
view of the fact that only 240 could be ac- 
commodated in the auditorium. 

Wherever study groups have been 
started, they have become a very valuable 
asset to the Section in which they operate, 
and it is felt that the Institute will bene- 
fit by such study groups in the future. 

Further information on the organization 
and operation of study groups may be 
secured from the Industrial Power Sys- 
tems Committee Chairman, R. T. Wood- 
ruff, Aluminum Company of America, 
1501 Alcoa Blidg., Pittsburgh 19, Pa.; or 
from J. W. St. Andre, Chairman of the 
Electrical Power Distribution for Indus- 
trial Plants Subcommittee, c/o Kaiser 
Aluminum & Chemical Corporation, New- 
ark, Ohio. 


U.S. Government Awards 
Under Fulbright Act for 1959-60 


U. 8. Government Awards authorized 
by the Fulbright Act are being offered for 
university lecturing and advanced research 
for 1959-60. 

Countries participating are: Europe— 
Austria, Belgium and Luxembourg, Den- 


MRS. G. B. SCHLEICHER, chairman of the Philadelphia Section Women’s Auxiliary, presents 
$500 check to Dr. J. C. Elgin (right), dean of Princeton Engineering School. At left is W. C. 
Johnson, chairman of the department of electrical engineering. 
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mark, Finland, France, Germany, Greece, 
Iceland, Ireland, Italy, Netherlands, Nor- 
way, United Kingdom; Near East and 
Africa—Iran, Israel, Turkey, British Colo- 
nial Territories in Africa; Far East—Re- 
public of China, Hong Kong, Japan, 
Singapore. 

Applicants must be citizens of the 
United States. Those applying for visiting 
lectureships are expected to have had at 
least one year of college or university 
teaching experience in the United States 
or abroad at a level equivalent to that 
for which application is made. Applicants 
for research awards are expected to have 
a doctoral degree from a recognized in- 
stitution of higher learning in the United 
States or abroad at the time of application, 
or recognized standing in their respective 
professions. (Candidates for the doctoral 
degree, or those expecting to obtain it in 
the normal course of their training, should 
apply to the Institute of International 
Education, | E. 67th St., New York, N. Y.) 

The awards, tenable in one country, 
usually for an academic year, and payable 
in currency of the host country, include: 
round-trip travel for grantee, but not for 
members of his family; a maintenance al- 
lowance to cover ordinary living expenses 
of grantee and family while in residence 
abroad; and a small incidental allowance 
for travel, books, and services required in 
performance of assignment. 

Application forms and additional in- 
formation are obtainable from: Conference 
Board of Associated Research Councils, 
Committee on International Exchange of 
Persons, 2101 Constitution Ave., Washing- 
ton 25, D.C. 

The closing date for applications is 
October 1, 1958. 


Philadelphia Section 
Auxiliary Aids Education 


On March 27, the Women’s Auxiliary 
to the Philadelphia Section of AIEE pre- 
sented a gift of $500 to the department of 
electrical engineering of Princeton Uni- 
versity at Princeton, N. J. The money 
is to be used to purchase laboratory 
equipment. 

A delegation representing the Executive 
Board, the Education Committee, and the 
Ways and Means Committee journeyed 
to Princeton to present the award. In the 
group were Mrs. G. B. Schleicher, chair- 
man of the Auxiliary, who made the 
presentation; Mrs. W. N. Gittings, secre- 
tary and chairman elect; Mrs. E. A. Bailey, 
treasurer; Mrs. B. L. Farmery, correspond- 
ing secretary; Mrs. Gordon Perkins, mem- 
bership chairman; Mrs. J. B. Clothier, 
ways and means chairman, and Mrs. 
J. E. Casey of the same committee; Mrs. 
B. H. Zacherle and Mrs. Olaf Vikoren of 
the Education Committee. Mrs. W. F. 
Henn, chairman of the Education Com- 
mittee, was unable to attend due to illness. 
The gift was accepted on behalf of the 
University by Dr. J. C. Elgin, dean of the 
Engineering School, and Prof. W. C. John- 
son, chairman of the department of 
electrical engineering. 

Awards in previous years included a 
four-year partial scholarship to the Uni- 
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versity of Pennsylvania and monetary 
gifts for the purchase of equipment to 
Drexel Institute of Technology, Swarth- 
more College, and Villanova University. 
All are accredited schools in the Phila- 
delphia Section area. In the past six years, 
the Auxiliary has contributed $2,000 to 
electrical engineering education. The 
Auxiliary has a membership of 230 and 
celebrated its 10th anniversary this spring. 


EIC Appoints 
New General Secretary 


Dr. G. T. Page, of Ottawa and Mon- 
treal, has been appointed general secretary 
of The Engineering Institute of Canada 
(EIC), Canada’s largest national profes- 
sional organization. 

The appointment was announced by 
K. F. Tupper, Toronto, president of the 
EIC. Dr. Page succeeds L. A. Wright who 
has retired aster 20 years of service as 
general secretary. 

Dr. Page was formerly general manager 
and secretary of The Chemical Institute 
of Canada. He joined EIC as assistant 
general secretary in the Fall of 1957. He 
will make his headquarters in Montreal 
but will be required to travel extensively 
visiting the 50 branches of the 18,000 
member organizations. 


AIEE and ASME To Sponsor 
National Power Conference 


AIEE and the American Society of 
Mechanical Engineers (ASME) will jointly 
sponsor the National Power Conference 
to be held in Boston, Mass., September 29- 
October I, 1958. 

The tentative technical program for the 
Conference follows. 


Monday, September 29 


Session I Morning 
Steam Power Plant Station Design 


A Look at the Future of Steam Station De- 
sign. E. H. Krieg, Stone & Webster Engineer- 
ing Corporation 

Relay Protection Practices in Steam Power 
Stations. H. Barnes, American Electric 
Power; C. S. Murray, Consolidated Edison Co.; 
V. E. Verrall, Central Illinois Public Service 
Co. 


Session II Afternoon 
Major Steam Plant Component Design 


Modern Large Steam Turbines and Gener- 
ators. C. C. Franck, Sr., J. W. Batchelor, 
Westinghouse Electric Corporation 


Mechanical and Electrical Features of Large 
Steam Turbine Generators. §. C. Barton, J. A. 
Massingill, H. D. Taylor, General Electric 
Company 

Current Large Steam-Turbine-Generator De- 
sign Practice. J. J. Fleischmann, G. W. Staats, 
Allis-Chalmers Manufacturing Company. 


Session III Evening 
Career Possibilities for Young Engineers 
in the Power Field 
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Engineering Institute of Canada 


Photo by Canadian Pacific 


DURING the 72nd Annual Meeting of the Engineering Institute of Canada (IEC), held in the 
Chateau Frontenac Hotel, Quebec City, C. M. Anson gave a dinner to honor the officers and past 
officers of the IEC. Every province of Canada was represented at this meeting as well as the 
leading British Engineering Societies. Shown (left to right) are: C. M. Anson, Sydney, N.S., im- 
mediate past president of the IEC; L. A. Wright of Montreal, retiring general secretary; and 


K. F. Tupper of Toronto, newly elected president. 





The Graduate Mechanical Engineer in the 
Power Industry. J]. W. Keenan, Massachusetts 
Institute of Technology (MIT) 

Expanding Horizons for the Graduate Engi- 
neer in Electric Power. Gordon Brown, MIT 
Power and Growth: The Challenge and the 
Promise. F. A. Kramer, Public Service Electric 
& Gas Co. 

Career Possibilities for Young Engineers in 
the Power Field. V. F. Estcourt, Pacific Gas & 
Electric Co. 


Session IV Evening 
Steam Plant Auxiliary Design 


Pumping Power in the Feed Water Cycle. 
S. N. Arnow, J. L. Allen, Philadelphia Elec- 
tric Co. 


Integration of Single Turbine-Driven Feed 
Pumps in Large Generator Units. §. N. Fiala, 
American Electric Power Company 


Evolution of the Boiler Feed Pump Drive. 
R. A. Baker, Public Service Electric & Gas Co. 


Auxiliary Power for Eddystone Station. J. A. 
Adams, Philadelphia Electric Co. 


Tuesday, September 30 


Session V Morning 
Nuclear Power and Marine Power 


Yankee Atomic Power Plant. R. J. Coe, 
Yankee Atomic Power Co.; W. E. Shoupp, 
Westinghouse Electric Corporation 


A 125-Mw Pebble Bed Nuclear Power Station. 
R. F. Benenati, Sanderson & Porter Engineers 


The Dresden Nuclear Power Station. V. A. 
Elliott, V. D. Dixon, General Electric Com- 
pany; R. D. Maxson, Commonwealth Edison 
Co.; J. W. Merryman, Bechtel Corporation 


Enrico Fermi Atomic Power Plant. R. W. 
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Hartwell, A. P. Donnell, and H. A. Wagner, 
Power Reactor Development Co. 

Performance Tests of a Vertical Steam Gen- 
erator for Nuclear Power Plants. R. L. Coit, 
C. C. Peake, Westinghouse Electric Corpora- 
tion 

Boiling Water Reactor Proposed for Tanker 
Conversion. 


Wednesday, October | 


Session VI Morning 
Operations and Economics I 


Operating Experience in the Illinois—Missouri 
Power Pool. T. W. Schroeder, E. A. Shultz, 
Illinois Power Co. 


Five Years’ Experience on the Consolidated 
Edison System with Protection of Turbine 
Generators and Boilers by Automatic Trip- 
ping. W. C. Beattie, J. M. Driscol, P. T. On- 
derdonk, H. A. Bauman, R. L. Webb, Con- 
solidated Edison Co. 


D-C Transmission—An American Viewpoint. 
G. D. Breuer, M. M. Morack, L. W. Morton, 
C. A. Woodrow, General Electric Company 


Session VII Afternoon 
Operations and Economics II 


Trends in Steam Generator Design. Riley 
Stoker Company 


Trends in Steam Generator Design. Babcock 
and Wilcox Co. 


Trends in Steam Generator Design. Combus- 
tion Engineering Co. 
Industrial Power Planning. A. 
Charles T. Main Co. 
Trends in Power Plant Design for Modern 


Paper Mills. T. J. Judge, International Paper 
Company 


Kirkpatric, 





NEC Holds 
Recognition Dinner 


Some 21 top engineers, researchers, and 
educators were honored—two of them 
posthumously—by the National Electron- 
ics Conference (NEC) at a recognition 
dinner Saturday, June 7, in Chicago, Ill. 

They are all former presidents and 
chairmen of the board of NEC, the na- 
tion’s leading forum on electronic re- 
search, development, and application. 

Dr. J. D. Ryder, dean of Michigan State 
University’s School of Engineering, spoke 
at the dinner in the Sherman Hotel’s 
Skyline Terrace Club. J. H. Enenbach 
(AM ’51), NEC president and supervising 
engineer of Illinois Bell Telephone Com- 
pany, presented the awards. 

“These men are in a large part respon- 
sible for the growth of the National Elec- 
tronics Conference and the world-wide 
recognition it enjoys among the leaders 
in the electronics industry and educa- 
tion,” Mr. Enenbach said. 

The honored guests, who came to 
Chicago from all over the United States, 
were together for the first time in the 14- 
year history of the NEC, a nonprofit 
organization. 

Mrs. M. Dorothy Graf, widow of A. W. 
Graf, and Mrs. Myrtle S. Westerberg, 
widow of O. D. Westerberg, accepted 
awards. 

Others to be honored are: Kipling 
Adams, district office manager, General 
Radio Cu.; G. E. Anner, professor of elec- 
trical engineering, University of Illinois; 
Dr. C. E. Barthel, Jr., assistant director, 


Armour Research Foundation; R. R. 
Batcher, consulting engineer, Hudson 
Wire Co., N.Y.; H. H. Brauer (M °43), 
staff assistant, Fansteel Metallurgical 
Corp.; Dr. A. B. Bronwell (M °44), presi- 
dent, Worcester Polytechnic Institute; 
J. M. Cage (M °44), research engineer; 
Hewlett-Packard Co.; Nathan Cohn 
(F °54), head, market development section, 
Leeds & Northrup Co.; W. G. Dow (F’48), 
professor of electrical engineering, Uni- 
versity of Michigan; Dr. G. H. Fett 
(M’ 38), professor of electrical engineer- 
ing, University of Ill. Dr. J. E. Hobson 
(F '48), vice-president, United Fruit Co.; 
R. R. Jenness (M °51), associate professor 
of electrical engineering, Northwestern 
University; Dr. J. A. M. Lyon (M 47), 
professor of electrical engineering, North- 
western University; E. O. Neubauer 
(M °44), transmission engineer, Illinois 
Bell Telephone Co.; Dr. J. D. Ryder 
(F ‘°51), dean, school of engineering, 
Michigan State University; Dr. E. H. 
Schulz (F °50), assistant director, Armour 
Research Foundation; Dr. R. M. Soria 
(M ‘49), vice-president, Amphenol Elec- 
tronics Corp.; W. O. Swinyard, vice-presi- 
dent, Hazeltine Research, Inc.; O. L 
Thompson, vice-president, DeVry Techni 
cal Institute; and W. C. White (F ‘47), 
retired from General Electric Company. 

rhe recognition dinner is a prelude to 
the annual NEC exposition which is ex- 
pected to attract 10,000 to Chicago next 
October, Mr. Enenbach said. 

NEC is sponsored by the AIEE, Illinois 
Institute of Technology, Institute of Radio 
Engineers, and Illinois and Northwestern 
Universities. Participants are: Michigan, 





AIEE Louisville Section 


Photo by Al Hixenbaugh 


A REFRESHER COURSE to prepare for the Kentucky Professional Engineering License examination 
was sponsored recently by the Louisville Section of the Institute. Chairman of the Technical Dis- 


cussion C ittee, J. J. J 





ings, served as director of the course and prepared or secured all 


the literature and other material used. Several members of AIEE served as discussion leaders of 
subjects in their particular field. Plans are being made to repeat the course in the fall. During 
the engineering economics session (above), Mr. Jennings is shown at the blackboard and T. W. 
Talcott, past chairman and guest instructor, discusses a formula. 
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Michigan State, Notre Dame, Purdue, 
Wayne State, and Wisconsin Universities, 
Electronic Industries Association, and the 
Society of Motion Picture and Television 
Engineers. 


Plans Announced for 
Fifth Nuclear Congress 


Preliminary plans for the Fifth Nuclear 
Congress to be held in Cleveland, Ohio, 
in April 1959, were announced recently 
by Engineers Joint Council (EJC). At the 
same time, engineers and scientists who 
would like to present technical papers 
during the Congress were invited to sub- 
mit outlines before October 1, 1958. 

As in the past, the Congress will be 
composed of four parts: The Nuclear 
Engineering and Science Conference, the 
Hot Laboratories and Equipment Con- 
ference, the Atomic Energy Management 
Conference, and the Atomfair, at which 
nuclear equipment will be on display. The 
Congress will be held at the Cleveland 
Auditorium, April 5-10. 

Clarke Williams of Brookhaven Na- 
tional Laboratory, chairman of the Nu 
clear Engineering and Science Conference, 
announced that papers will be considered 
for inclusion in the 1959 program if sum- 
maries are submitted before October 1, 
1958. He stated that prospective authors 
should submit 300 to 500 word summaries 
of proposed papers to the secretary of any 
one of the sponsoring societies. Final 
manuscripts are due November 28, 1958. A 
list of sponsoring groups is available from 
EJC, 29 W. 39th St., New York 18, N. Y. 

Mr. Williams added that papers selected 
will be those presenting the most recent 
and outstanding developments in the 
nuclear field. Topics in the past have in- 
cluded reactor design, power plants, radia- 
tion techniques, instrumentation, shield- 
ing, waste disposal, and related items. 

The sponsoring organizations are: AIEE, 
American Chemical Society, American 
Institute of Chemical Engineers, American 
Institute of Consulting Engineers, Ameri- 
can Institute of [ndustrial Engineers, 
American Institute of Mining, Metallur 
gical and Petroleum Engineers, American 
Nuclear Society, The American Public 
Health Association, American Rocket Soci- 
ety, American Society of Agricultural 
Engineers, American Society of Civil 
Engineers, American Society for Engineer- 
ing Education, American Society of Heat- 
ing and Air-Conditioning Engineers, 
American Society of Mechanical Engineers, 
American Society for Testing Materials, 
American Water Works Association, 
American Welding Society, Atomic Indus- 
trial Forum, The Engineering Institute 
of Canada, Federation of Sewage and 
Industrial Wastes Association, Health 
Physics Society, Hot Laboratory Commit- 
tee, Institute of Aeronautical Sciences, 
Institute of Radio Engineers, Instrument 
Society of America, National Industrial 
Conference Board, Society of American 
Military Engineers, Society of Automotive 
Engineers, Society of Naval Architects and 
Marine Engineers. 

The Nuclear Engineering and Science 
Conference, on behalf of more than 25 
sponsoring engineering and scientific 
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societies, will present technical papers on 
the latest developments in the fields of 
atomic energy applications for peaceful 
purposes. For information contact: T. A. 
Marshall, Jr. (manager, 1959 Nuclear 
Congress), or L. K. Wheelock (assistant 
manager), c/o EJC, 29 W. 39th St., New 
York 18, N.Y. PEnnsylvania 6-9220 

{tomic Energy Management Conference, 
sponsored jointly by the Atomic Industrial 
Forum (AIF) and the National Industrial 
Conference Board (NICB), will present 
information that management wants to 
know on nuclear developments. For in- 
formation contact: Charles Robbins, AIF, 
3 E. 54th St., New York 22, N.Y. PLaza 
4-1075, or E. A. Hammesfahr, NICB, 460 
Park Ave., New York, N.Y., PLaza 9-0900. 

Hot Laboratories and Equipment Con- 
ference, sponsored and conducted by the 
Hot Laboratory Committee, will deal with 
the highly technical details of the develop- 
ment of equipment and operation of 
laboratories for atomic energy. For infor- 
mation contact: Frank Ring, Jr., Oak 
Ridge National Laboratory, Oak Ridge, 
Tenn 

Atomfair, sponsored by the AIF, will be 
held in conjunction with the technical and 
management sessions of the Congress and 
will feature the latest developments in 
industrial uses of atomic energy. Regis- 
tration is open to Congress delegates 
and to interested people in industry. 
Atomfair is managed by the International 
Atomic Exposition, Inc. For information 
contact: J. V. Friel, director, or H. F. 
Grebe, exhibits manager, 304 Architects 
Building, Philadelphia 3, Pa., Rlitten- 
house 6-5156. 


International Conference 
on Information Processing 


Key professional engineering societies 
and computer activities will be represented 
in the management of the United States 
delegation to the First International Con- 
ference on Information Processing (ICIP), 
sponsored by UNESCO (United Nations 
Educational, Scientific, and Cultural Or- 
ganization) in Europe next year. A four- 
man team has been named to comprise 
the United States Committee for the 
ICIP, it was announced by I. L. Auerbach, 
chairman of the group. One of the ob- 
jectives of the Committee will be to en- 
sure outstanding evidence of American 
technological competence in the course of 
this country’s participation in_ the 
UNESCO event, scheduled for Paris or 
Rome in June 1959. 

The members will represent such en- 
gineering societies as AIEE, Institute of 
Radio Engineers, and the Association for 
Computing Machinery to the U. S. Com- 
mittee; will act as co-ordinators for the 
United States delegation’s participation in 
the conferences, symposiums, and exhib- 
its; and will function as consultants to 
UNESCO on certain aspects of the inter- 
national conference. 

I. L. Auerbach, president of Auerbach 
Electronics Corporation, Narbeth, Pa., is 
chairman of the United States Committee 
for ICIP. Other members are: Dr. A. S. 
Householder, director of the Mathematics 
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AIEE Vice-President Visits Idaho Section 


Courtesy C. B. Brown 


M. M. ELWELL, vice-president of the AIEE Northwest District, spoke at the “‘ladies’ night"’ meet- 
ing of the Idaho Section in Boise, May 14, during a tour of some of the eastern Sections of the 
District. Mr. Ewell disc&fsed progress in the AIEE and in the electrical engineering profession. 
New officers of the Southern Idaho Subsection were introduced. Shown are: (seated, left to right) 
Mr. Ewell; Paul Worthen, retiring Section chairman; Bruce Mitchell, new subsection chairman; 
(standing, left to right) Gordon Hannum, new Subsection secretary-treasurer; Robert Ashenbren- 
ner, Donald Russell, and Hal Christensen, members at large of the new Subsection executive 
committee. Not shown is Arthur Brown, new Subsection vice-chairman. Mr. Mitchell and Mr. 
Hannum are also, respectively, vice-chairman and treasurer of the Idaho Section for the coming 
year. 





Materials Handling Conference 


Courtesy Associated Photographers 


CONGRATULATING A. C. Monteith, past president of AIEE and Westinghouse Electric Corpora- 
tion vice-president, on his talk before 300 i $s attending a two-day Materials Handling 


Conference at the Penn-Sheraton Hotel, Pittsburgh, Pa:, are top repr tatives of the sp - 
ing bodies. The group includes (eff to right) R. N. Wagner, Aluminum Company of America, 
chairman of the Pittsburgh Section of the AIEE; E. M. Hays, Dravo Corporation, Conference 
chairman; Mr. Monteith; and S. Rifkin, General Electric Company, national chairman of the 


AIEE Materials Handling Subcommittee. The Conference was May 19-20, 1958. 








Institute Activities 





Panel at the Oak Ridge National Labor- 
atory; Dr. S. N. Alexander, chief of the 
Data Processing Systems Division of the 
National Bureau of Standards; and Evan 
Herbert, data control editor of Automatic 
Control Magazine. 


Motor Protection, 
Stray Load Loss Tests, 
and Insulation Studied 


According to R. C. Moore, chairman, the 
Induction Machinery Committee is con- 
tinuing co-operation with the AIEE Relay 
Committee in studying problems relating 
to motor protection. The co-operation in 
the activity provides, from the subcom- 
mittee, consultation on and interpretation 
of motor design and general performance 
analysis. An additional contribution from 
the subcommittee is being made by a 
manufacturer—user combination to obtain 
specific tests on a motor being built for 
the user. It is expected that the test data 
will provide factual information to assist 
in the evaluation of motor thermal char- 
acteristics. The results will be helpful in 
the study of motor protection. 

A stray load loss working group is 
actively proceeding with a test program. 
This group was appointed to investigate 
the accuracy and limitations of the present 
method of stray load loss determination 
as given in the Standards. The accuracy of 
the present method had been questioned 
for certain types of machine design. Sev 
eral induction motors of various speeds 
and ratings have becn tested so that the 
test program is well along toward com 
pletion. Data secured from these tests are 
being studied and analyzed. From the re 
sults, it is expected that recommendations 
will be made for suitable tests which 
might replace or supplement the reverse 





Bimonthly Publications 


The bimonthly publications, Communi- 
cation and Electronics, Applications and 
Industry, and Power Apparatus and Sys- 
tems, contain the formally reviewed and 
approved numbered papers presented at 
General and District meetings and con- 
ferences. The publications are on an an- 
nual subscription basis. Members may 
receive one subscription to any one of 
the bimonthlies for $2.50. The balance of 
the annual $5.00 subscription price will 
be paid by application of his annual dues 
for the year of the subscription. (Mem- 
bers may not reduce the amount of their 
dues payment by reason of nonsubscrip- 
tion.) Additional member subscriptions 
will be at the rate of $5.00. Nonmembers 
may subscribe on an advance annual sub 
scription basis of $8.00 each (plus 50¢ 
extra for foreign postage payable in ad- 
vance in New York exchange). Single 
copies, when available, are $1.50 each. 
Discounts are allowed to libraries, pub- 
lishers, and subscription agencies. 





rotation method if found to be inadequate. 
A group within the committee is study- 
ing temperature considerations relating to 
Class B and Class H insulated machines. 
The reason for the activity in this particu 
lar field is that interest has been shown 
in the loading characteristics with at 
tendant effects on breakdown torque, 
efficiencies, power factors, and_ other 
characteristics when machines might be 
operated to full hot-spot capability in 
widely variant ambient temperatures. 


Additional District 
Papers Are Now Available 


The following is a list of District papers 
presented at the 1958 AIEE Southwest 
District Meeting, Middle Eastern District 
Meeting, Great Lakes District Meeting, 
and East Central District Meeting which 
were not numbered at the time of the 
meetings. They have now been numbered 
and are available to members for 40¢ each 
and to nonmembers for 80¢ each. Send 
order and remittance to: AIEE Order 
Department, 33 W. 39th St., New York 
18, N. Y. 


: 
a 


AIEE Southwest District Meeting, March 
31-April 2, 1958 

DP58-451 Progress in Station Class and Inter- 
mediate Class Lightning Arresters 
E. J. Allen 

Should Fault Current on Distribu 
tion Lines Be Limited? G. G. Auer 
R. W. Swarthout 

Application of BS&W Monitor in 
the Petroleum Industry. K. T. Baill 
Guard and Testing Circuit Chan 
nel. W. J. Benton 

Comparative Economics of New 
Light Sources in Industrial Appli 
cations. R. D. Bradley 
Single-Phase Motors Now Cause 
Less Flicker in Residences than 
Three-Phase. B. Brady 
Comparison of Modern Industrial 
Distribution Transformers. F. 
Briitt 

Consideration for Remote Data 
Logging. W. F. Cruess 
Microwave Station 
Power. W. E. Freese 
Determining Actual Power Output 
and Derating Factor of Electric 
Motors that Drive Oil Well Pump- 
ing Units. M. Halderson 

Some Basic Design Considerations 
for Refinery Electric Power Dis 
tribution Systems. H. O. Hodson, 
G. Dupree 

Pump Turbine Application in 
Northeast Oklahoma. D. K. Holway 
Narrow Base Steel Towers for 
Transmission Lines on City Streets. 
H. C. Hughes 

Automation and Education. W. B 
Jarzembski 

Electrical Installations in a Modern 
Cement Plant. D. LeClair 

High ‘Temperature Construction 
Materials for Aircraft Electrical 
Systems. K. D. McIlvaine 

Modern Use of Reclosers. F. McStay 
Over-all Economics Dictates Single- 
Phase Residential Utilization. B. 
Mohr, E. Buettner, B. Brady 
Purchased Electrical Power for the 
Refinery. J. Mostrom 

Motor Operation and Protection on 
Unbalanced Voltages. R. S. Reed, 
G. W. Cunningham 

Design Considerations for the C-132 
Electrical Power Systems. R. J. 
Robinson 

Requirements for Successful Appli- 
cations of Data Systems to Proc- 
esses. H. S. Stover 


Emergency 
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DP58-489 Southwestern Public Service Com- 
any’s Use of Digital Computers 
in Generation Scheduling. R. W. 
Thomas, J. R. Wilson 
Notes on System 
Wallis 
Aircraft Systems Design for Com 
mercial Airline Maintenance. J. R 
Whitlock 
Wood Structures for 230-Kv and 
345-Kv Construction. R. G. Yerk 


Planning. J. 


AIEE Middle Eastern District Meeting, 
April 28-30, 1958 


DP58-599 Department of Agriculture Electric 
Power Supply for 12,000 Tons of 
Refrigeration. J. D. Brooks, R. 
Siegel 
Objectives and Progress of the 
AIEE Insulation Evaluation Pro 
gram. P. L. Alger 
The Navy's Mobile Power Reserve 
J. W. Bishop 
Role of the Corps of Engineers, 
U. S. Army, in the Field of Hydro 
electric Power. R. M. Bush 
Large Downtown Substation. M. 
Byrne 
The Present State and Anticipated 
Progress in the Field of Dielectric 
Materials. T. D. Callinan 
The Bureau of Reclamation’s Con- 
tribution to Electric Power Gener- 
ation in the United States. D. §. 
Campbell 
Measuring and Comparing the Re- 
liability of Distribution Systems 
H. W. Dannatell 
Control of Nuclear Reactors. E. P 
Epler 
Initial 110-Kv Cable Installation 
in Baltimore. C. 8. Fiske, J. W. 
Gore, Jr., G. V. Bresnick 
Problems in Providing Service to 
Large Buildings. O. R. Hamilton 
Economic Aspects of Safe Reactor 
Designs. O. G. Hanson 
Surveys of Televison Reception at 
VHF and UHF. W. L. Hughes 
A Time Compressed Single Side- 
band System. M. J. Jacob, J. Mat 
tern 
Progress Report on Proposed Test 
Code for Evaluation of Systems of 
Insulating Materials for Specialty 
Transformers. L. W. Kirkwood 
Wind Inducted Vibration on Tele 
phone and Distribution Conduc 
tor. A. A. Lee, R. Ballard, R. R 
Bouche 
Management of Research Labora 
tories. T. M. Linville 
The Selection of Electrical Equip- 
ment for Constant Elapsed Life 
A. F. Lunkens 
Progress in the Evaluation of Form 
Wound Coil Insulation Systems. 
G. L. Moses 
Transistors and Magnetic Cores 
Provide Memory Circuits for Time 
Division Multiplex System. J. C 
Myrick, L. W. Mader 
Financing Rural Electrification Sys 
tem—A Study in Management 
J. E. O’Brien, R. D. Partridge, 
R. H. Robinson 
Progress in the Evaluation of Ran- 
dom Windings and Field Coils in 
Accordance with AIEE No. 5/0. 
W. P. Penn 
Providing Illumination along the 
New Super Highways. W. .. 
Schwanhausser 
69-Kv Pipe Cable 
L. H. Spangler 
Perarylated Silanes—The Solution 
to the Problem of Radiation and 
Heat-Stable Organic Materials. L. 
Spialter 
PAR-Penn Advanced Reactor Sin- 
gle Region Slurry System. S. Town- 
send 
The Impact of the Spiral Antenna 
and Its Derivatives on the Design 
of Antennas and the Weapon Sys- 
tem. E. M. Turner 
Time Division Multiplex System. 
S. Wald 
Insulation 


Installation. 


Applied to Ship- 
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board Electrical Equipment. H. P. 
Walker 

P58-658 Lighting and Power Problems En- 
countered in the Design of the Old 
Age and Survivors Insurance Build- 
ing, Baltimore, Md. N. S. Weiss 


AIEE Great 
May 5-7, 1958 


Lakes District Meeting, 


DP58-659 Modular Structural Member Design 
for Substations. R. C. Adler, J. T. 
Henderson, J. M. Waters 

660 Public Air-—Ground Telephone 
Service Trial. L. M. Augustus 

661 Application of Practical Optics for 
Auto Lighting. P. J. Blinkild 

662 Placement of Lightning Arresters 
in Substations. D. Burk, A. H. 
Knable 

663 Determination of the Optimum 
Transmission Voltage, 345 Kv ver- 
sus 188 Kv. R. D. Canburn, R. L. 
Stafford 
Soe wey Special Services in Met- 
ropolitan Area. E. C. Carlson 
Application of 46-Kv_ Reclosers 
C. R. French 
Florida-Cuba Over-the-Horizon Sys- 
tem. M. C. Gehring 
A System for the Production of a 
Pulsating X-ray Beam. A. J. Gioia 
Induction and Dielectric Heating 
C. F. Hauri 
Qualitative Description of Inertial 
Guidance Principles. W. H. Holl, 
B. P. Miller, C. F. Vondra 
Instrumentation Adequate To In- 
sure Health and Safety Around a 
Power Reactor. G. H. Whipple 
A Communication System for the 
AAOC, H. I, Ingram 
The Electric Power Industry's 
Stake in Engineering Education 
J. 8. Johnson 
Operation of ON over K Carrier. 
J. W. Korte 
Can an Electric Power Company 
Afford a College-Trained Engineer? 
J. H. Lampe 
Polyphase Motor Selection for Duty 
Cycle Applications. G. C. Morris 
Design Considerations for Surface 
Measuring Equipment. K. R. Mor- 
ris 
What Is the Engineer's Horizon in 
the Electric Power Business? G. A 
Porter 
The Calculation of the Electric 
Field Energy of Moving Charged 
Particles. R. J. Reid 
D-C Current Regulation of Recti- 
fiers for Chlorine Plants. C. Ret- 
ting, J. P. Smith, J. 8. Marr 
Nuclear Instrumentation for Re- 
actors. C. W. Ricker, W. Kerr 
General Aspects of Railroad Com- 
munications. L. J. Ritter 
Consumers Power Probes 345 Kv. 
H. F. Small, J. M. Brager 
The Design of a Pile Oscillator for 
the Ford Nuclear Reactor. J. T. 
Stone, W. Kerr 
Auxiliary Power Design Considera- 
tions for a Nucler Power Plant. 
S. Tjepkema 


AIEE East Central 
May 13-15, 1958 


District Meeting, 


DP58-718 Solving Voltage Problems in In- 

dustrial Plants. B. G. Bailey 

719 Some Features of Data Transmis- 
sion. R. M. Beer 

720 Why Consider A-C Mining Under- 
ground. R. C. Berger 

721 An Evaluation of Safety Perform- 
ance. W. H. Brady, Jr. 
National and State Electrical Re- 
quirements for A-C Mining. C. 
Brown, L. H. Harrison 

724 Selection of A-C Motors by Torque 
Requirements. C. H. Buchanan 

725 Load Switching’s Future—Unlim- 
ited. J. B. Castle 

727 Arrestor Standards and Develop- 
ment—Their Mutual Effect in Pro- 
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viding Lightning Protection. G. W. 
oper 
Techniques of the Application of 
Mercury Lighting in Industrial 
Areas. C. M. Crysler 
Accelerated Testing of Mining 
Machine Cable. W. G. Dahlstrom, 
A. L. Duna 
A Reverse Application of Storage 
Type Telemetering. E. W. Dennis 
Reversing Electronic Drive for 
Automatic Feed Applications. B. B 
Finigan 
Application of Digital Computers 
to Cooling Tower Problems. R. W 
Gausmann 
Econemic Load Dispatching with 
Computers. R. E. Gilbreath 
Some Aspects of Safety in the Use 
of Electrical Equipment in Coal 
Mines. L. H. Harrison 
Underground Lighting, Today and 
Tomorrow. R. E. Havener, D. A 
Green 
Telemetering KWH for Use in 
Tie-Line Road Regulation. A. 1 
Hayley, Jr. 
Cathodic Protection of Under- 
ground Structures. B. Husock 
Application of Super-Hi Lamps and 
High Frequency to Interior Light- 
ing. W. H. Johnson 
Bus Plus Supplementary Regula- 
tion Offers Economics over Indi 


DP58-72 


vidual Feeder Regulation. H. E. 
Lokay 

Dielecric Heating-Progress in Prof- 
its through Losses. C. R. Looper 
Selection and Application of Mo- 
tors in Industry—Chemical, Min- 
ing, and Standard Motors. R. G 
Marsh 

Application of Distribution Over 
current Protection on AGKE Sys- 
tem. T. J. Meler 
Operation of A-C 
Painter 

Power Supply for Automatic Proc 
essing—The Voltage Dip Problem 
C. E. Quick 

Operation of an A-C Mine. C. L 
Sarff 

Power Sources for Induction Heat 
ing. C. F. Schwan, A. J. Humph 
rey 

Aluminum vs Copper for Indus 
trial Cable Applications. J. W. St 
Andre, H. Esch 

Silicone Insulation for Mine Mo 
tors. L. A. Teichthesen 

A PBX Telephone Switchboard 
for Dispatching Service. F. W 
Treptow 

Switching Motors with Capacitors 
G. W. Walsh 

Today's Industrial Telemetering 
Systems. H. Wittenberg 

Motor Bearings and Lubrication 
J. E. Youch 


Mines W 


AIEE FELLOWS ELECTED 


Board of Directors Meeting, April 30, 1958 


Pierre J. Aijlleret (M ‘46), Directeur 
Géneral des Etudes et Recherches, Elec- 
tricité de France, Paris, France, has been 
transferred to the grade of Fellow in the 
AIEE “. . . for contributions to planning, 
execution, and interconnection of a 
nationwide electric system.” Mr. Ailleret 
was born in Vienne en Arthies, Seine at 
Oise, France, on March 10, 1900. He grad- 
uated from Ecole Polytechnique in 1920, 
Ecole des ponts et Chaussées in 1924, and 
Ecole des Ponts et Chaussées in 1924, and 
Before World War II, Mr. Ailleret was 
active in the field of electric systems in 
public service companies, including the 
construction of the first 220-kv lines be 
tween the Alps and Paris, and of hydro 
electric stations with seasonal storage in 
the Alps. Since the creation of Eletricité 
de France in 1946, he has been in charge 
of research and development in that or- 
ganization. Mr. Ailleret has been a mem 
ber of the French Atomic Energy Com- 


P. J. Ailleret 
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mittee since 1951. He is past chairman of 
the Société Francaise des Electriciens, 
1948; past chairman of the Electricity 
Committee of the Economic Commission 
for Europe, 1949-51; and past chairman of 
the Société des Ingénieurs Civils de 
France, 1957. He has been serving as 
president of the French Electrotechnical 
Committee since 1942. He is also a mem- 
ber of the Institution of Electrical Engin- 
eers (British) and president of the French 
National Committee of CIGRE (Interna- 
tional Conference on Large Electric High 
Tension Systems). Mr. Aillert is the author 
of numerous technical papers on high 
voltage transmission, long-range energy 
supply problems, and system planning. He 
has received many honors including: Mé- 
daille Blondel, 1940; Médaille Axel Axel 
son Johnson de l’Académie des Sciences 
Techniques de Suéde, 1955; Lauréat de 
l'Académie des Sciences, 1956; and Officer 
de la Légion d’Honneur. 


Thomas Everett Browne, Jr. (AM ‘36, 
M 45), manager, Research and Insulation 
Section, switchgear long-range major de 
velopment department, Westinghouse 
Electric Corporation, East Pittsburgh, Pa., 
has been transferred to the grade of Fel- 
low in the AIEE “. . . for research contri- 
butions to rapid arc quenching for high- 
voltage circuit interrupters.” Mr. Browne 
was born near Murfreesboro, N. C., on 
June 30, 1908. He received the B.S. de- 
gree in E. E. from North Carolina State 
College in 1928, following which he en- 
tered the Westinghouse Graduate Student 
Course. In 1929, he was assigned to a sec- 
tion in the materials and processes en- 
gineering department which was shortly 
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transferred to the Research Laboratories. 
As a research engineer, he conducted 
fundamental studies of arc phenomena in 
circuit breakers under the direction of 
Dr. Joseph Slepian. He received his M. S. 
degree in E.E. from the University of 
Pittsburgh in 1933. He served as a grad- 
uate assistant in the electrical engineering 
department at California Institute of 
Technology from 1933 to 1936, at the end 
of which period he received the Ph.D. de- 
gree (magna cum laude) in E.E. from Cal 
lech. He then returned to Westinghouse 
Research Laboratories to resume studies 
of arc phenomena in flowing liquids and 
gases. He transferred to the power circuit 
breaker department in 1952 as supervising 
engineer in charge of advanced develop- 
ment and basic research. In 1954, he was 
appointed supervisor of the Research and 
Insulation Section in the switchgear long 
range major development department. He 
was appointed section manager in 1957. 
Mr. Browne is a member of the Pitts- 
burgh Physical Society, Tau Beta Pi, Phi 
Kappa Phi, and Sigma Xi. He is a reg- 
istered professional engineer in Pennsyl- 
vania and a Westinghouse lecturer in 
the electrical engineering department of 
the University of Pittsburgh. He is the 
author or co-author of 14 technical papers 
and the holder of 13 U. S. patents. 


Francois Michel Cahen (M ’'48), Con- 
tréleur Général a la Direction des Etudes 
et Recherches, Electricité de France, Paris, 
France, has been transferred to the grade 
of Fellow in the AIEE “. . . for contribu- 
tions to stable, secured operations of an 
extrahigh-voltage continental intercon- 
nected system.” Mr. Cahen was born in 
Pantin (Seine), France, on February 17, 
1894. He graduated as an engineer from 
Ecole Polytechnic (1919) and Ecole des 
Mines (1921) of Paris. He began his ca- 
reer as an engineer in the electrical de- 
partment of the Société Général d’Entre- 
prises in Paris. From 1930 to 1946, he 
was with the Société Général de Con- 
structions Electriques et Mécaniques 
ALSTHOM, Paris, first as an engineer in 
the office for the studies of larger systems, 
then as chief of this office. During these 
years, he also acted as consulting engineer 
for the Union d’Electricité and several 
other electric power production and dis- 
tribution concerns. In 1946, when Elec- 
tricité de France was created, he was ap- 
pointed head of the System Study Division 
of the Direction des Etudes et Recher- 
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ches of this organization. In 1950, he was 
appointed directeur-adjoint of this de- 
partment, and, in 1957, Contréleur Gén- 
éral in charge of the co-ordination and 
control of the activities of all the electri- 
cal study and research divisions. Since 
1939, Mr. Cahen has been the professor 
of electrical engineering at the Ecole 
Supérieure d’Electricité at Malakoff, 
Seine. He is member laureate and a 
former president of the Société Francaise 
des Electriciens, a member of the Institu- 
tion of Electrical Engineers, and doctor 
honoris causa of the Ecole Polytechnique 
of the University of Lausanne, Switzer- 
land. He is the author or coauthor of 
numerous papers published in the French 
and foreign technical publications, as 
well as of many reports presented at the 
meetings of learned societies and at in- 
ternational congresses; in particular, at the 
International Conference on Large Elec- 
tric High Tension Systems (CIGRE). 


Harry F. Dart (AM ‘20, M °26), patent 
engineer, Westinghouse Electric Corpora- 
tion, Elmira, N. Y., has been transferred 
to the grade of Fellow in the AIEE “.. . 
for contributions in the research and de- 
velopment of electron tubes.” Mr. Dart 
was born near Forrest, Lll., on October 20, 
1895. He received a B. S. degree in E. E. 
in 1917 and an E. E. degree in 1923, both 
from Purdue University. In 1917, he 
joined the Western Electric Company, 
Chicago, Ill., as cable development engin- 
eer. While with the Western Electric 
Company, he volunteered and_ received 
his commission in the Signal Corps. In 
1919, he organized the first course on 
radio for the International Correspond- 
ence School, and published a_ radio 
handbook. After teaching at Rice In- 
stitate and Harvard Engineering School. 
he joined Westinghouse in 1922 as a 
radio tube engineer. He has held several 
design and supervisory assignments per- 
taining to all types of electron tubes. In 
1952, he transferred to the newly formed 
Electronic Tube Division in Elmira, N. Y., 
where he is now patent engineer for the 
division. Mr. Dart’s name first appeared 
in “Who's Who in Engineering” in 1922 
and in “Who’s Who in the East” in 1940. 
He is a senior member of the Institute of 
Radio Engineers and was a regional direc- 
tor in 1951 and 1952. He is a registered 
professional engineer in the States of New 
Jersey and New York. Mr. Dart has pub- 
lished several booklets and _ technical 
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papers on electron tubes. For the past 
few years, he has been a member of the 
Executive Committee of the Ithaca Sec- 
tion of the AIEE. Mr. Dart has been 
active on the Electronics Committee of 
the Institute (1948-49, 1955-58). He has 
served as chairman of the Papers Review 
Subcommittee and Prize Papers and 
Awards Subcommittee of the Electronics 
Committee. 


Wayne Curtis Hall (M °46), associate di- 
rector of research for nucleonics, U. S. 
Naval Research Laboratory (NRL), Wash- 
ington, D. C., has been transferred to the 
grade of Fellow in the AIEE “ for 
contributions to administration of produc- 
tive research and specifically’ to control of 
electrostatic interference with aviation 
communications.” Dr. Hall was born in 
Reading, Kans., on July 29, 1909. He was 
educated at the University of Kansas where 
he received a B.S. degree in E.E. in 1931, 
an M.S. degree in physics in 1933, and a 
Ph.D. in physics in 1936. In 1935, he was 
employed by the NRL for research on the 
use of fuel cells to effect direct conversion 
of heat energy. From 1935 to 1945, he per- 
formed additional research on energy con- 
version, on electronic strain gages, on 
torsion meters, and on the aircraft precipi- 
tation static problem. In 1945, he became 
assistant head of the Aircraft Electricity 
Division, and, shortly thereafter, became 
superintendent of the Electricity Division. 
There he was in charge of research and 
develoment on electrical power systems for 
aircraft, basic research in electricity and 
magnetism, and basic research in solid- 
state physics and physical phenomena at 
ultra-low temperature. In 1946, he re- 
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ceived from the Navy Department a Dis- 
tinguished Civilian Service Award “. 

for distinguished achievements in research 
on mitigation of precipitation static 
interference encountered by aircraft flying 
in adverse weather conditions.” From 1949 
through 1951, he was scientific officer at 
NRL in charge of a project for the Los 
Angeles Scientific Laboratory involving 
diagnostic measurements in the atomic 
weapons program. In 1954, he became 
superintendent of the Solid State Division 
at NRL, and, in July of that year, he was 
appointed associate director of research 
for nucleonics. Dr. Hall is a member of 
the American Physical Society, Sigma XI, 
lau Beta Pi, and the Washington Academy 
of Sciences. He is the author of several 
technical papers and has been granted a 
number of patents. Dr. Hall served on the 
AIEE Basic Sciences Committee (1948-50) 


James Hayward Harlow (M ‘43), chief 
mechanical engineer, Philadelphia Elec- 
tric Company, Philadelphia, Pa., has been 
transferred to the grade of Fellow in the 
AIEE “. . . for notable contributions to 
improvement in economy of electric power 
generation.” Mr. Harlow was born on 
October 1, 1901, in Pittsburgh, Pa. He 
received his B.S. degree in E.E. in 1923 
and his E.E. degree in 1933 from the Uni- 
versity of Maryland. Upon graduation in 
1923, he joined the Philadelphia Electric 
Company as cadet engineer. From 1925 
until 1944, he was employed in the sta 
tion operating department of the company 
in various capacities from assistant test 
engineer to assistant superintendent of 
station economy, in which positions he 
was responsible for results work, the de- 
velopment of system and interconnection 
operating procedures, and for represent- 
ing the station operating department's 
interest, both mechanical and electrical 
in the design of a number of steam turbo- 
generator units. In 1944, he was made 
assistant chief mechanical engineer, and 
in 1948, chief mechanical engineer, in 
which positions he has been responsible 
for the steam power plant engineering, 
steam heat and gas engineering, industrial 
engineering, and civil engineering activi- 
ties of the company, Mr. Harlow is a 
member of Tau Beta Pi, Phi Kappa Phi, 
Engineers’ Club of Philadelphia, Frank- 
lin Institute, American Society of Mechan- 
ical Engineers, American Society for Test- 
ing Materials, and the National Society 
of Professional Engineers. He is a member 


4. H. Harlow 


Aucust 1958 


of the Recognition Committee of Engin- 
eers’ Council for Professional Develop- 
ment, the Committee on Power Genera- 
tion of the Association of Edison Ilumin- 
ating Companies, and the Boiler Code 
Committee of the American Society of 
Mechanical Engineers. He is a registered 
professional engineer in Pennsylvania, 
Maryland, and New Jersey. 


Edgar Laroe Kanouse (AM ‘38, M ‘46), 
engineer in charge of design and construc- 
tion, Department of Water and Power 
City of Los Angeles, Calif., has been trans- 
ferred to the grade of Fellow in the AIEE 
. for contributions to the art of high 
voltage power transmission.” Dr. Kanouse 
was born in Amarillo, Texas, on August 
23, 1910. He graduated from the University 
of Oklahoma in 1932 with the degree of 
B.S. in E.E. He did postgraduate work at 
the California Institute of Technology 
where he received a masters degree, and at 
Stanford University where he received his 
Ph.D. degree in 1941. He was the holder 
of the Harris J. Ryan High Voltage Re 
search Fellowship at Stanford and his work 
for the doctorate was on corona problems 
associated with extrahigh-voltage trans- 
mission. For over 20 years, Dr. Kanouse 
has been employed by the Department of 
Water and Power of the City of Los 
Angeles, where he has held a number of 
positions, including transmission system 
engineer, engineer of transmission and 
distribution design, and, at present, en 
gineer in charge of design and construc- 
tion. Dr. Kanouse is the author or co- 
author of a number of technical papers 
on system planning and on transmission 
line design. He is a member of the AIEE 
Transmission and Distribution Committee 
(1949-58) and chairman of the Towers, 
Poles, and Conductors Subcommittee. He 
is chairman of the ASA Subcommittee C2 
on Voltage Classifications and Clearances, 
which is doing work in connection with 
the proposed partial revision of the Na- 
tional Electric Safety Code. He is also vice- 
chairman of the AIEE Los Angeles Section 
Power Division for 1957-58. Dr. Kanouse 
is American adviser on problems of towers 
and tower foundations for CIGRE (Inter 
national Conference on Large Electric Sys- 
tems). He is a member of Sigma Xi, Sigma 
Tau, and the Los Angeles Electric Club. 


Tom Cox Lloyd (AM ‘31, M '46), chief 


engineer, Robbin & Meyers, Inc., Spring- 
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field, Ohio, has been transferred to the 
grade of Fellow in the AIEE “. . . for 
contributions to the art of electrical motor 
design.” Mr. Lloyd was born in Empor- 
ium, Pa., on May 8, 1901. He received the 
B. S. degree in E. E. from Carnegie In 
stitute of Technology in 1923. He served 
as instructor in electrical engineering at 
West Virginia Universitv 1923-25: instruc 
tor at Ohio State University, 1925-29: 
lecturer at Antioch College, 1927-29, and 
associate professor of electrical engineering 
at Antioch, 1929-36. In 1936, he joined 
Robbins & Myers, Inc., as development 
engineer. He was named assistant chief 
engineer in 1938 and chief engineer in 
1940. Following the initial work of Dr 
Branson, Mr. Lloyd has devoted most of 
his technical interest to design synthesis, 
whereby, with the desired machine char 
acteristics known, direct solution deter 
mines the machine construction. This syn 
thesis as a design method is in direct con 
trast to the analysis on which most design 
texts depend. Mr. Lloyd is the author 
of numerous technical papers and the 
following books: “Electrical Equipment,” 
1930, John Wiley & Sons; and “Alternat 
ing Current Machines,” John Wiley & 
Sons, first edition in collaberation with 
A. F. Puchstein 1936, second edition with 
4. F. Puchstein 1942, third edition 
with A. F. Puchstein and A. G. Conrad 
1954. Mr. Lloyd is a member of Eta Kappa 
Nu, Sigma Xi, and Theta Xi. He has 
served on the AIEE Rotating Machinery 
Committee (1943-49, 1953-55) and Edu- 
cation Committee (1949-57). 


Harry Able Lott (AM °37, M °46), man 
ager, planning department, Southern Cali- 
Edison Company, Los Angeles 
Calif., has been transferred to the grade 
of Fellow in the AIEE “.. . for contribu- 
tions to the planning and operation of a 
major power system and the operation of 
major power system 
Mr. Lott was born in Warren, Ohio, on 
January 17, 1898. He received a bachelor’s 
degree in E. E. from Ohio State Univer- 
sity in 1921. During the years 1921 to 
1924, he was principal of Kings Mills, 
Ohio, High School for one year and 
taught electrical subjects at McKinley 
High School at Canton, Ohio, for two 
years. From 1924 to 1926, he was em- 
ployed by a Los Angeles firm of consult- 
ing engineers with utility assignments in 
Needles, Calif.; Nogales, Ariz.; and Culia- 
can, Sinaloa, Mexico. He joined Southern 
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California Edison Company in April 1926 
where his successive assignments were: 
substation operator, dispatcher, chief dis- 
patcher, operating engineer, chief of Divi- 
sion of Electrial Engineering, chief of Di- 
vision of System Planning, executive en- 
gineer, and, since February 1956, manager 
of planning department. In this position 
he has charge of co-ordinating all the 
company’s long-range and _ short-range 
plans for expansion of the electrical sys- 
tem plus assignments relating to power 
interchange with other utilities. Mr. Lott 
is a member of the Pacific Coast Electrical 
Association, the Los Angeles Electric Club, 
the Edison Electric Institute Electric 
Power Survey Committee, and he is chair- 
man of the Pacific Southwest Power In- 
terchanging Committee. He is a registered 
professional engineer in the State of Cali- 
fornia. Mr. Lott has served as chairman 
of the Los Angeles Section of the Institute, 
1957-58, and as a member of the AIEE 
System Engineering Committee, (1950-55). 


Louis Meyerhoff (M °39), chief research 
engineer, General Cable Corporation, Bay- 
onne, N. J., has been transferred to the 
grade of Fellow in the AIEE “.. . for con- 
tributions to the development of high- 
voltage cables.” Mr. Meyerhoff was born 
in Poltaza, Russia, on December 8, 1896. 
He came to the United States at an early 
age, receiving practically all his formal 
schooling in the City of Baltimore. He was 
graduated from Johns Hopkins Univer- 
sity with the degree of B. S., in engineer- 
ing in 1917, and in 1924 received the 
L.L.B degree from the University of 
Maryland. In addition to some 30 years 
of activity in the high-voltage cable field, 
Mr. Meyerhoff has also taught electricity, 
taken charge of maintenance for three 
years and practiced law for six years. 
In the field of high-voltage cables, he has 
been associated exclusively with General 
Cable Corporation and its predecessor 
company, Standard Underground Cable 
Company. He has successively held the 
titles of research engineer, assistant direc- 
tor of research, associate director of re- 
search, director of research, and, since 
September 1957, chief research engineer. 
Mr. Meyerhoff’s contributions embrace a 
wide range of subjects, including a-c re- 
sistance of cables, a-c resistance of pipe- 
cable systems, creep and fatigue character- 
istics of lead alloy cable sheaths, develop- 
ment of cable accessories, and develop- 
ment of insulations. He is presently active 
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in the development of 345-kv cable in 
connection with an_ industry-sponsored 
project. Mr. Meyehoff is a member of 
rau Beta Pi, American Physical Society, 
American Society for Testing Materials, 
American Association for the Advance- 
ment of Science, Institute of Metals 
(British), National Research Council 
Committee on Electrical Insualtion, and is 
listed in “American Men of Science” and 
“Who's Who in Engineering.” 


John Hutchins Neher (AM 24, M °38), 
senior engineer, Philadelphia Electric 
Company, Philadelphia, Pa., has been 
transferred to the grade of Fellow in the 
AIEE “ . for contributions to protective 
relay schemes and research on the thermal 
factors in underground power cables.” Mr. 
Neher was born in Princeton, N. J., on 
August 14, 1899. He graduated from 
Princeton University, Phi Beta Kappa, in 
1921 with a B.S. degree and received his 
E.E. degree at Princeton in 1923. After a 
year on the student course at Westing- 
house, he was employed in the laboratories 
of the Philadelphia Electric Company, 
and, in 1926, he was employed in its en- 
gineering department, working on the de- 
sign and development of relay protective 
systems. Mr. Neher holds five U.S. patents 
on relays and associated devices and is 
author or co-author of three papers on 
relays in AIEE Transactions and of four 
articles in the technical press. During 
World War IU, he served in the Bureau of 
Ships in Washington, D.C., as officer in 
charge of the Radio Frequency Cable Sec- 
tion and chairman of the Army—Navy RF 
Cable Co-ordinating Committee; attaining 
the rank of Commander, USNR, in 1945. 
For his service, he was awarded the Secre- 
tary of the Navy’s Commendation Ribbon. 
He returned to the Philadelphia Electric 
Company in 1946 in the Special Investiga- 
tion and Testing Division and undertook 
a complete investigation and review of the 
fundamental theory underlying the various 
factors involved in determining the tem- 
perature rise of cable systems under both 
steady-state and transient loading. Mr. 
Neher is a special member of the AIEE 
Insulated Conductors Committee and the 
author or co-author of nine papers on 
cable heating problems. He received first 
prize in the AIEE Power Division in 1¢ 

as co-author of the paper, “Power Distribu- 
tion System Parameters.” He served on 
the AIEE Protective Devices Committee 
(1937-42) and was chairman of the Relay 
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Subcommittee (1937-40). Mr. Neher is a 
registered professional engineer in the 
State of Pennsylvania, a member of the 
Princeton Engineering Association, and of 
the Franklin Institute. 


Elmer G. Norell (AM '28, M °46), partner 
and chief electrical engineer, Sargent & 
Lundy Engineers, Chicago, Ill., has been 
transferred to the grade of Fellow in the 
AIEE “ for his contributions to the 
advancement of large scale electrical power 
generation. Mr. Norell was born in Rock- 
ford, [ll., on December 8, 1902. He gradu- 
ated from the University of Cincinnati in 
1926 with the B.S. degree in E.E. Upon 
graduation, he accepted a position with 
Stone & Webster and, shortly thereafter, 
transferred to the engineering staff of the 
Solvay Process Company, working on the 
design of a steam-electric power plant at 
Solvay, N. Y. In 1928, he moved to Chicago 
and accepted a position with Sargent & 
Lundy as field electrical engineer in the 
construction of Powerton Power Station 
near Pekin, lil. He returned to the Chi- 
cago offices of Sargent & Lundy in 1936 and 
successively held the positions of chief 
electrical ‘draftsman, electrical engineer, 
and chief electrical engineer. His principal 
work has been the electrical design of 
steam-electric power stations and high 
voltage substations. He was responsible 
for development and application of cen- 
tralized control of the turbine generator, 
boiler, and power switching with a re- 
sultant reduction in the number of_op- 
erators required. He also participated in 
the development of a reliable and more 
economical system for distributing aux- 
iliary power and control cables in the 
power station. In 1951, he became a part- 
ner in Sargent & Lundy. Mr. Norell has 
served on the AIEE Protective Devices 
Committee (1947-58) and as chairman 
(1954-56). He has also been a member of 
the Power Generation Committee (1953- 
58) and Power Division (1954-56). He 
served successively as treasurer and secre- 
tary of the Chicago Section of the Institute, 
1955-56, and became chairman of the Sec- 
tion in 1957. Mr. Norell is a member of 
Eta Kappa Nu, Western Society of Engi- 
neers, Illinois Society of Professional En- 
gineers, and the Chicago Association of 
Consulting Engineers. 


P. H. Robinson (AM '29, M °36), executive 
vice-president, Houston Lighting & Power 
Company, Houston, Texas, has been trans- 
ferred to the grade of Fellow in the 
AIEE “. . . for contributions to econom- 
ical design and protection of an electric 
power system.” Mr. Robinson was born 
in Woods County, Okla., on April 24, 
1904. In 1925, following graduation from 
the University of Oklahoma with the 
B.S. degree in E.E., he entered the 
Westinghouse Electric Corporation’s Stu- 
dent Engineering Training Course. Upon 
completion of the course, he was selected 
to work in the Central Station Division of 
the general engineering department of 
Westinghouse’s East Pittsburgh (Pa.) 
plant. In August 1928, he was employed 
by the Houston Lighting & Power Com- 
pany as transmission and relay engineer. 
In the early 1930's he collaborated with 
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I. T. Monseth of Westinghouse in a series 
of articles on “Theory and Application 
of Relay Systems,” published as a book 
by McGraw-Hill in 1935. This text has 
been widely used in the industry and 
was adopted by a number of technical 
colleges and universities for advanced 
electrical engineering courses. In 1936, 
Mr. Robinson transferred to the commer- 
cial department of the Houston Lighting 
& Power Company where he served suc- 
cessively as power sales engineer, assistant 
commercial superintendent, superinten- 
dent to commercial and industrial sales, 
and superintendent of industrial engin- 
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eering. In May 1950, he was promoted 
to assistant vice-president and in 1951 to 
vice-president in charge of operations. He 
was named executive vice-president of 
the company in April 1958. Mr. Robinson 
is a registered professional engineer in 
the State of Texas and a member of the 
Texas Society of Professional Engineers. 
He is a member of Tau Beta Pi and 
Sigma Tau. He has been active in the 
Houston Section of the Institute, serving 
on numerous committees and as chairman 
of the Section, 1934-35. He served on 
the AIEE Protective Devices Committee 
(1939-40). 
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J. H. Foote (AM ‘18, F '32), chief engineer 
and president of Commonwealth Asso- 
ciates, Inc., received an honorary doctor 
of science in engineering degree from 
Wayne State University, Detroit, Mich, 
Mr. Foote’s citation read, “. . . a master 
of technical process and electrical power 
administration, he has earned the respect 
and admiration of his professional col- 
leagues here and abroad; a citizen of 
lively conscience, he merits the warm 
appreciation of a grateful community.” 
Mr. Foote has served as a director of the 
Institute (1954-56) and was named vice- 
president of AIEE District No. 5 in 1956. 
He has been a member of the following 
AIEE Committees: Power Transmission 
and Distribution (1929-31), Protective De- 
vices (1932-34), Power Generation (1936- 
46), Domestic and Commercial Appliances 
(1940-41), Registration of Engineers 
(1946-58), Standards (1947-50), Insulated 
Conductors (1947-49), Safety (1954-57), 
Planning and Co-ordination (1954-56), and 
Edison Medal (1955-57). 


G. R. Hadden (M '56), assistant vice- 
president, Consolidated Edison Company 
of New York, Inc., has been elected a vice- 
president of the company. G. R. Milne 
(AM ‘'21, F °49, Member for Life), me- 
chanical engineer of Consolidated Edison, 
has been named chief mechanical en- 
gineer. C. W. Franklin (M ‘24, F ‘44), 
electrical engineer, has been named chief 
electrical engineer of the company. Mr. 
Milne has been a member of the AIEE 
Power Transmission and Distribution 
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Committee (1937-42) and Electrical Ma- 
chinery Committee (1942-43). Mr. Frank- 
lin has served on the following Institute 
Committees: Power Transmission and Dis- 
tribution (1933-37); Production and Ap- 
plication of Light (1935-37); Board of 
Examiners (1945-55, chairman 1952-54); 
Lamme Medal (1954-58, chairman 1956- 
57); and Professional Development and 
Recognition Department (1956-57). 


C. E. Peck (AM '47, M '57), metallurgical 
process consultant, Westinghouse Electric 
Corporation, East Pittsburgh, Pa., has re- 
ceived the Trinks Award, highest honor 
of the industrial heating industry, for his 
development of controlled gas atmosphere 
systems and equipment for industrial fur- 
naces. Mr. Peck is a member of the Ameri- 
can Society of Metals, American Society 
of Mechanical Engineers, and Association 
of Iron and Steel Engineers. Mr. Peck has 
served on the AIEE Electric Heating 
Committee (1947-58). 


Otis Howard (AM °36, M °38), manager of 
operations, Oklahoma Gas & Electric Co. 
(OGX&E), has taken early retirement to go 
to Taiwan (Formosa) to help direct a 
power development program in_ that 
country for the J. G. White Engineering 
Corporation. Mr. Howard has been a 
member of the AIEE System Engineering 
Committee (1954-55). R. F. Danner (AM 
‘29, F °45), manager of engineering and 
construction for OG&E, has been elected 
a vice-president and will be in charge of 
research and development. Mr. Danner 
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has served as AIEE vice-president for Dis- 
trict No. 7 (1946-48), as a director of the 
Institute (1951-55), and as a member of 
the following AIEE Committees: Power 
Transmission and Distribution (1940-42, 
1943-45); Industrial Control Devices (1946- 
47); Technical Program (1947-48); Student 
Branches (1951-58); Registration of Engi 
neers (1952-57); Power Division (1953-54); 
Planning and Co-ordination (1954-55); 
Petroleum Industry (1954-55); and Ad- 
ministration Department (1956-57). The 
positions formerly held by Mr. Howard 
and Mr. Danner have been eliminated 
and the department heads formerly re 
porting to these men will report to C. W. 
Anthony (AM ‘45, M '51), executive as 
sistant—operations. Mr. Anthony is chair- 
man of the Oklahoma City Section of the 
AIEE (1957-58). 


E. W. Engstrom (F °49), senior executive 
vice-president, Radio Corporation of Amer 
ica, has received the Industrial Research 
Institute Medal for 1958. It was accom 
panied by the citation “. . for distin 
guished leadership in industrial research 

and for his correlation of research 
with engineering and commercial produc- 
tion to provide new electronic services to 
industry and the public.” Mr. Engstrom 
served on the AIEE Lamme Medal Com- 
mittee (1954-57) and is a member of the 
Hoover Medal Board of Award (1957-63). 


J. M. Ide (M °53), technical director of 
the U.S. Navy Underwater Sound Labora 
tory, New London, Conn., recently re- 
ceived a career service award, one of 10 
given annually within the federal service 
by the National Civil Service League. Dr. 
Ide was cited for “outstanding achieve- 
ments in research, development, and or- 
ganization” and “aiding materially in im- 
proving sonar and other underwater de- 
vices which are now essential to the 
successful operation of atomic-powered 
submarines.” 


Henri Busignies (M ‘56), president of 
Federal Telecommunication Laboratories, 
received the honorary degree of doctor of 
science at the commencement exercises of 
Newark College of Engineering, Newark, 
N. J. An authority in the fields of elec- 
tronic direction finding equipment and 
air navigation, radar, and radio commu- 
nications, Mr. Busignies is noted for 
having invented, in 1926, the first auto- 
matic direction finder for aircraft. He 
presently holds more than 100 patents 
in direction finding systems, instrument 
landing systems, and early radar design 
including Moving Target Indicator radar. 


F. R. Kappel (M °43, '50), president of the 
American Telephone and Telegraph Com- 
pany (AT&T), received the honorary 
degree of doctor of laws at Lehigh Uni- 
versity’s commencement exercises. in 
Bethlehem, Pa. Mr. Kappel also delivered 
the principal address at the exercises. Mr. 
Kappel was named president of AT&T in 
September 1956 before which he had 
served as president of the Western Elec- 
tric Company, a subsidiary. 


E. H. Snyder (AM '27, F '49), vice-presi- 
dent in charge of electric operations, 
Public Service Electric and Gas Company, 


761 





Newark, N. J., has been elected president 
of the Lehigh University Alumni Associa- 
tion. 


Morton Sultzer (AM ‘13, M °34, Member 
for Life), retired personnel planning di- 
rector of the Bell Telephone Laboratories, 
New York, N. Y., received a Lehigh Uni- 
versity alumni award for personal achieve- 
ment and service. 


W. B. Wigton (AM '40), chief engineer of 
the G&L and Hypro Division, Giddings & 
Lewis Machine Tool Company, Fond du 
Lac, Wis., has been named general man- 
ager of the Davis Boring Tool Division 
of the company. Mr. Wigton served on 
the AIEE General Industry Applications 
Committee (1947-49) 


B. A. Wilson (AM '49), of the weapons 
system development laboratory, Hughes 
Aircraft Co., Tucson, Ariz., has joined 
Exide Industrial Division, The Electric 
Storage Battery Company, Philadelphia, 
Pa., in the new position of assistant to the 
missile products manager of the missile 
applications department. 


H. W. Henkels (AM ‘53, M '57), advisory 
engineer, Westinghouse Electric Corpora- 
tion, Youngwood, Pa., has been appointed 
manager of the advanced development 
engineering section of the Westinghouse 
semiconductor department at Youngwood. 
Mr. Henkels has served on the AIEE Me- 
tallic Rectifiers Committee (1955-58) and 
Solid-State Devices Committee (1957-58). 


J. S. Tompkins (AM °30, M 48), assistant 
chief power engineer, Aluminum Com- 
pany of America, Pittsburgh, Pa., has been 
named chief power engineer. Mr. Tomp 
kins, who joined Alcoa in 1930, will give 
particular attention to the economical de- 
velopment of new sources of electric 
power, and will be responsible for en- 
gineering phases of the generation and 
transmission of power from future de- 
velopments. Mr. Tompkins served on the 
AIEE Electronic Power Converters Com 
mittee (1947-49) and Chemical, Electro- 
chemical, and Electrothermal Applications 
Committee (1947-51). 


L. E. Barbrow (AM °42, M ’48), chief of 
the Photometry and Colorimetry Section, 
Optics and Metrology Division, National 
Bureau of Standards, Washington, D. C., 
has received a meritorious service award 
from the U. S. Department of Commerce. 
Mr. Barbrow was cited for a major con 
tribution to the establishment of photo- 
metric standards on a fundamental basis, 
and for outstanding service as adminis- 
trator of research and testing projects in 
the fields of photometry and colorimetry. 
Mr. Barbrow has served on the AIEE 
Production and Application of Light 
Committee (1954-58). 


D. A. Roberson (AM ‘44, M 51), super- 
visor of the Power Utilization Section, 
Electrical Branch, Aro, Inc., AEDC, Tul- 
lahoma, Tenn., has been appointed as- 
sistant manager of the Electrical Branch. 


C. F. Kucera (M °46), assistant manager 


of the New York district office of Allis- 
Chalmers Manufacturing Company In- 
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dustries Group, has been appointed man- 
ager. An electrical engineering graduate 
of Iowa State College, Mr. Kucera joined 
Allis-Chalmers in 1946. He served on the 
AIEE Substations Committee (1953-54). 


Haroun Mahrous (AM ‘54, M 58), asso- 
ciate professor of electrical engineering, 
University of Illinois, has been appointed 
chairman of the electrical engineering de- 
partment of the Engineering School, Pratt 
Institute, Brooklyn, N. Y. 


N. A. Begovich (AM '44), director of the 
radar laboratories of the ground systems, 
Hughes Aircraft Company, has been ap- 
pointed director of engineering of Hughes’ 
Ground Systems Group in Fullerton, 
Calif. W. T. Clary, Jr. (AM '55), head of 
the Digital Subsystem Section, has been 
appointed head of the systems analysis de- 
partment under Dr. Begovich. 


OBITUARIES 


John H. Trevitt (M °47), Development 
Section, Dictaphone Corporation, Bridge- 
port, Conn., died recently. Mr. Trevitt 
was born in Vienna, Austria, in 1899. He 
was a graduate in electrical engineering 
of Vienna University and started his 
career with the AEG Company in Vienna. 
Following this, he served for several years 
as assistant manager of two textile mills 
and then, in 1927, he joined the Dicta- 
phone organization as Eastern European 
representative. He came to the United 
States in 1939, to serve in the Develop- 
ment Section of Dictaphone Corporation 
where he was active until his death. Mr. 
Trevitt held several patents on motors 
and motor control devices, which were 
designed particularly for dictating ma- 
chines. 


Albert M. Baehr (AM 40), electrical engi- 
neer, Baehr, Greenleaf & Associates, Lake- 
wood, Ohio, died recently at the age of 
63. Mr. Baehr* graduated from Case Insti- 
tute of Technology with a mechanical 
engineering degree in 1916. He served in 
the Army during World War I, after 
which he was engaged in postgraduate 
work at the University of London. During 
his career, he was associated with the 
Lakewood Engineering Company and the 
National Carbon Company. He established 
his own firm in 1930. Mr. Baehr was a 
lieutenant colonel in the air technical 
services command of the Army Air Corps 
during World War II. He was a member 
of the Illuminating Engineering Society 
and the National Society of Professional 
Engineers. He was active in the alumni 
affairs of Case Institute of Technology 
and was formerly a member of the board 
of trustees, 


Charles Thomas Brown (M '55), chief en- 
gineer, Columbia-Southern Chemical Cor- 
poration, Corpus Christi, Texas, died re- 
cently at the age of 46. Mr. Brown at- 
tended Rice Institute for three years and 
received his engineering degree from 
Texas A&I College. He joined Columbia- 
Southern in 1933 and had been chief 
engineer for several years. He was a mem- 
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ber of the Texas Society of Professional 
Engineers and the American Society of 
Mechanical Engineers. 


William C. Dreyer (AM ‘40, M ‘°47), dis- 
trict service manager, South Texas Dis- 
trict, Westinghouse Electric Corporation, 
Houston, Texas, died recently at the age 
of 59. Mr. Dreyer was born in Boston, 
Mass., on April 10, 1898. After graduating 
from California Institute of Technology 
in 1924, he joined the Westinghouse Elec- 
tric Corporation in the general engineer 
ing department at East Pittsburgh, Pa. 
After a short period in the St. Louis area, 
he transferred to Dallas, Texas, in 1936. 
He was promoted to district service super- 
visor in 1942 and transferred to the Hous- 
ton office in 1946. He was made district 
service manager in 1953. For many years, 
Mr. Dreyer was active on the Planning 
Committee of the Power Distribution 
Conferences sponsored by the department 
of electrical engineering at the University 
of Texas. He was one of the organizers 
and served continuously on the Planning 
Committee of the Relay Conferences 
sponsored by the electrical engineering 
department of Texas A&M College. Mr. 
Dreyer was a registered professional engi- 
neer in the State of Texas and a member 
of the Houston Engineering and Scientific 
Society. He was an active member of the 
Houston Section of AIEE and helped to 
organize the first Petroleum Industry 
Conference held in Tulsa, Okla., in 1954. 
Mr. Dreyer served on the AIEE Chemical, 
Electrochemical, and Electrothermal Com- 
mittee (1947-55). 


Laurence A. Hawkins (AM ‘03, M ‘13, 
Member for Life), pioneer in research at 
the General Electric Research Laboratory, 
died recently. Dr. Hawkins received his 
A.B. degree from Williams College in 1897 
and his B.S. degree from Massachusetts 
Institute of Technology in 1899. He re- 
ceived the honorary degree of doctor of 
science from Williams College in 1944. 
In July 1899, he went to work in the 
engineering and patent department of the 
Stanley Electric and Manufacturing Com- 
pany. He joined the General Electric 
Company in 1903 as patent attorney, later 
transferring to the transportation engi- 
neering department and in 1912 to the 
research laboratory. He retired as execu- 
tive engineer in 1945 but continued as a 
consultant until 1948. In his capacity as 
executive engineer, he served as business 
manager and co-ordinator of the research 
activities of the scientific staff. He was a 
member of Phi Beta Kappa, Sigma Xi, 
and many scientific organizations. Mr. 
Hawkins served on the AIEE Research 
Committee (1922-24, 1935-41) and Produc- 
tion and Application of Light Committee 
(1926-41). 


Murray G. Graff (AM '22, M °32, Member 
for Life), retired electric utility sales engi- 
neer of the General Electric Company, 
died recently. Mr. Graff received his de- 
gree in electrical engineering from the 
Massachusetts Institute of Technology in 
1916. He started to work for the General 
Electric Company in Denver, Colo., in 
1929, and retired in 1954. Mr. Graff served 
on the AIEE Membership Committee 
(1941-43). 
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Missile-Age Cruiser Is 
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Best Antiaircraft Arsenal Anywhere 


THE FIRST of a new fleet of missile-age 
cruisers, described as capable of destroying 
enemy aircraft and surface 
ranges in excess of 65 miles, was commis- 
sioned at the Philadelphia (Pa.) Naval 
Shipyard on May 28th. 

Principal armament ot 
cruiser,” the USS Galveston, will be the 
deadly missile, made for the U.S 
Navy by the missile section of the Bendix 
Aviation Corporation, Mishawaka, Ind. Ef- 
fective against both air and surface targets, 
the TALos is hailed by Adm. Arleigh Burke, 
USN, Chief of Naval Operations, as the 
“best (antiaircraft) missile in any arsenal 
in the world.” 

The Galveston will be the first of several 
cruisers to use the TALOS with its nuclear 
capability—including the first nuclear- 
powered cruiser, the USS Long Beach. 

The deadly TALOs, named .after the 
Greek demigod who guarded Crete, is 
powered by a ramjet engine 40,000 hp, 
giving it supersonic speed, a range far in 
excess of conventional Navy “big guns,” 
and a ceiling higher than any bomber. 


targets at 


this “missile 


TALOS 


First Navy TALOS 
The TALOs missile is accelerated by a 


solid-fuel rocket booster. On reaching 


Aucust 1958 


cruising speed, the booster is 
and the missile’s ramjet engine takes over. 

Ihe rampjet is the simplest of all missile 
engines. At its high operating speed, it 
rams air into itself at the front end, burns 
this air with kerosene as the fuel, 
ejects the superheated air at the reat 
rhus, it develops its thrust in much the 
same fashion as a jet—but without 
the complex air compressor turbine the 
jet requires. 

Because of its simple construction, it 
requires only one sixth to one eighth of 
the fuel load that a rocket would need to 
develop the same power for the same 
length of time. 

rhe missile is directed to the target area 
by a special guidance system using radars 
that combine many automatic functions. 
Because of exceptional power, the radars 
are able to pick up targets many miles 
beyond the horizon. Included in_ these 
systems for the missile ships are the 
AN/SPG~49 radar antennas that resemble 
giant searchlights, AN/SPW-2 missile 
guidance radars, and the Mark /11 (one- 
eleven) computers that implement the 
function of target designation, acquisition, 
tracking, launcher control, missile control 
and display for rapid and accurate acquisi- 
tion of a target by the TALos. Sperry guid- 


jettisoned 


and 


does 


Of Current Interest 


INTEREST 


A USS GALVESTON [CLG-3), second ship of 
the U.S. Navy to be named for the Texas city, 
is the first such cruiser equipped with the 
deadly Bendix TALOS missile. 


ance and fire control engineers are assigned 
to the Philadelphia Naval Base to handle 
installation and checking of radar systems 
on guided missile ships. 

When the missile approaches the target, 
a “homing brain” takes over, detonating 
the warhead with a proximity fuse as the 
reaches the target “kill 


TALOS range 


Missile Cruiser Galveston 


Ihe cruiser that carries this missile-age 
that may 
and tactics is the 
named for the Texas city. 

Galveston, commissioned in 
during World War I and 

special before it 
scrapped in 1933. 

The present Galveston was launched in 
1945, placed in reserve status in 1947 when 
nearly ready for commissioning, and con 
verted to a guided missile cruiser starting 
in 1956. 


weapon revolutionize naval 
second 
The first 
1905. 


several 


Strategy one 
USS 
served 
other 
finally 


missions was 


Bumblebee Program 


The supersonic surface-to-air ramjet 
powered missile, which furnishes the prin 
cipal armament for the ship, is a product 
of the Navy's once highly secret “Bumble- 
bee Program” and represents 13 years of 
research and development by a group of 
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NAVY MISSILE MEN check a deadly Bendix TALOS missile (left) that 
forms major armament of the USS Galveston. The faster-than-a-bullet 
missile slides along track (center left and right) to be swung into posi- 
tion for long-range high-firepower defense against air attack. In firing 


universities and industrial organizations 
to provide atomic-age weapons for the 
United States Fleet. 

Ihe program dates back to the closing 
months of World War Il when the Navy 
Bureau of Ordnance requested Johns Hop- 
kins University Applied Physics Labora- 
tory (APL) at Silver Spring, Md., which 
had developed the proximity fuse for 
shells, to suggest a means of combatting 
the Japanese kamikaze menace. After sev- 
eral months’ study, APL scientists advised 
the development of a supersonic ramjet 
propelled guided missile. The Bureau of 
Ordnance authorized the development and 
it was given the code name of Bumblebee. 
Why the name was chosen is not known, 
but of significance is the fact that in many 
APL offices and laboratories hangs the 
following: 


“According to recognized aerotechni- 
cal tests, the bumblebee cannot fly 
because of the shape and weight of his 
body in relation to total wing area. 
But the bumblebee doesn’t know this, 
so he goes ahead and flies anyway.” 





BATTLE STATION below decks on cruiser Gal- 
veston shows business end of Bendix TALOS 
missile that may ring up the curtain on what 
might be a revolutionary era in naval strategy. 
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Theory and Fact 


The ramjet had been a theory in physics 
since 1913, but it had not been flown suc- 
cessfully. Nevertheless, APL scientists be- 
lieved it held great promise as a supersonic 
engine. The difiiculty had been that it 
would not operate efficiently unless it be 
boosted by some means to a velocity near 
the speed of sound. It was believed the 
solid-propellant rockets developed during 
WW II could provide the necessary boost. 

On June 15, 1945, a ramjet fashioned 
from the 6-inch exhaust pipe of a 
Thunderbolt fighter-plane made a success- 


a. 


SUPER-RADARS developed and produced for 
the Navy by the Sperry Gyroscope Company 
will guide TALOS missiles launched from the 
guided missile cruiser USS Galveston. 


ful flight over the sand dunes of Island 
Beach, N. J., attaining a velocity of 1,200 
miles per hour. In October 1945, another 
ramjet of the same size demonstrated 
thrust over aerodynamic drag. A replica 


position (righ?), capabilities of the TALOS are said to raise the air de- 
fense of the United States Fleet to new highs. (t has a 65-mile range 
and can destroy enemy aircraft at stratospheric altitudes by a special 
radar guidance system. 


of the “flying stovepipe,” as it had been 
dubbed, has been given an honored place 
in the National Air Museum of the Smith- 
sonian Institution as the world’s first 
supersonic ramjet engine. 

In the developmental work on beam- 
riding and stability control, a test vehicle 
powered with a solid-propellant rocket 
engine proved so effective that it was 
recognized as having great possibilities as 
a prototype of a tactically useful short- 
range antiaircraft missile of relatively 
simple design. It was engineered and be- 
came the TERRIER missile now in service in 
the fleet on board the cruisers USS Boston 
and Canberra and the destroyer USS Gyatt. 

In a program with such advanced ob- 
jectives as those of TALos, it is to be ex- 
pected that many pioneering achievements 
will be made and such has been the case. 
Not only did the workers on this project 
make the first demonstration that the 
ramjet was a practical engine for pro- 
pulsion of supersonic missiles, but also 
they made the first flights of fully con- 
trolled missiles powered by these engines, 
thus proving the reliability of the engine 
in numerous long-range flights. The TALos 
booster set a new level in the size and 
performance of solid-fuel booster rockets. 
The TALos was also the first missile to 
employ a dual guidance system with ac- 
curacy demonstrated repeatedly at short 
and long ranges. This program also 
pioneered the introduction of atomic war- 
heads into antiaircraft missiles. 

Under the sponsorship of the Bureau of 
Ordnance, a large number of organizations 
made substantial contributions to the de- 
velopment and engineering effort which 
has brought the TALos to its present ad- 
vanced state. 


Lost Uninhabited World Soon To Have 
Steel Mill, Power Dam, and 100,000 People 


AN INDUSTRIAL COMPLEX~—including 
a steel mill and a hydroelectric dam and 
plant—are going up on the edge of Vene- 
zuela’s “Lost World” (so named by Sir 
Arthur Conan Doyle), where humans are 
far rarer than jaguars and iguanas. 


Of Current Interest 


At the junction of the sluggish Orinoco 
and the mad-rushing Caroni rivers, the 
basic elements of heavy industry also con- 
verge: iron ore and hydroelectric power. 
By Autumn 1958 the first results of this 
combination will blossom forth in the 
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form of electric power from the massive 
waterfalls of the Caroni. 

The first of a projected six generators 
at the new Macagua Dam will churn out 
power to be wired across the Caroni to a 
brand-new steel mill going up in the out- 
skirts of Puerto Ordaz. Each of the tur- 
bine-powered generators will produce 50,- 
000 kw of electricity. Two other dams are 
in the planning stage. The steel mill, 
which will occupy more than a square 
mile, eventually will produce 1.2 million 
tons of finished products annually, begin- 
ning in Fall 1958 with seamless tubing for 
the vast Venezuelan oil industry. 

In a few years, the mill is expected to 
produce a variety of other products, such 
as structural rolled sections, rails, rein- 
forcing rods, steel coils, galvanized and 
barbed wire, nails, and cast-iron ingots. 

This gateway city, created by U.S. Steel 
Company's subsidiary, the Orinoco Min- 
ing Company, exists at present only to 
load the rich iron ore of Cerro Bolivar 
onto ocean-going ships. Soon Puerto Ordaz 
will have far greater reasons for being. 
Thanks to constantly dredged and re- 
dredged channels, the sluggish Orinoco 
River is navigable up to this point. The 
port area will be greatly enlarged. Cerro 
Bolivar, a mountain virtually made of iron 
ore, is 75 miles to the west. A railroad 
hauls the ore from there to this port on 
the south bank of the Orinoco. 

Puerto Ordaz was built in 1952. Before 
then it was wilderness. This brand-new 
city has 10,000 people living in ultramod- 
ern homes for the most part, but the 
wilderness around them is complete. The 
Bethlehem Steel Company 20 miles south 
of the city mines the ore from El Pao, 
another iron-rich mountain, and not far 
away is the El Trueno iron deposit. 


The Lost World 


The Orinoco, winding sluggishly sea- 
ward through swamps and jungles vir- 
tually uncharted by man, is the lifeline 
that links Puerto Ordaz and its germinat- 
ing industrial complex to the outside 
world. Ships from Europe and the United 
States, mostly empty .ore-carriers, find 


MACAGUA DAM Francis turbines, the first of projected six, will be in 
operation by late 1958, providing the first 50,000 kw of 300,000 kw 


for the steel mill across the river. 
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their way here, load up, and inch their 
way back to the markets of commerce. 
For Venezuela’s iron deposits are rich in- 
deed (63 to 65% pure at Cerro Bolivar, 
for example—highest grade on earth), and 
her total proved reserves are more than 
2 billion metric tons, making Venezuela 
an assuredly rich nation for the forsee- 
able future. 

What Venezuela is now doing at the 
Orinoco—Caroni junction town of Puerto 
Ordaz is only the beginning. In money 
terms, the initial investment alone 
amounts to $300 million for the steel mill 
(the second stage of the steel mill will cost 
an additional $60 million), and $40 million 
for the power project. 

Within a few years, 10 times the present 
population, more than 100,000 people, will 
be living in this industrialized area. 
Thousands of housing units are already 
under construction. Teams of geophysicists 
and explorers are fanning out southward 
into the “Lost World” area. Already they 
have found iron, gold, diamonds, bauxite, 
lead, titanium, and nickel. Because the 
climate of the “Lost World” is temperate, 
thanks to the rising hills and plateaus that 
comprise the 14,000-square mile area, it 
will provide a virgin settlement area for 
both Venezuelans and immigrants. 


Dam and Power Station 


The new Macagua dam on the Caroni, 
south of Puerto Ordaz, will cost $40 mil- 
lion. It will produce 300,000 kw of elec- 
trical power through six Francis turbines 
activating six 50,000-kw generators. Total 
capacity will not be reached until the 
early 1960's. By October 1958, however, 
the first 50,000 kw will be in operation. 

The usual fall of the Caroni’s water will 
be 131.3 feet, but may be as high as 175 
feet when the river level recedes—this is 
largely dependent on the changing levels 
of the Orinoco itself. When this maximum 
fall is achieved, each of the dam's genet 
ators will have a capacity of 62,000 kw 


per hour. 


Steel Mill 


The new steel plant will occupy a tract 
of 667 acres on the banks of the Orinoco 


opposite shore. 
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River. Its initial first-stage capacity will 
be 650,000 tons per year of finished prod- 
ucts by 1959. Eventual capacity of 1.2 
million tons per year is not expected until 
late 1960 or 1961. This amount is thought 
sufficient for Venezuela’s own needs at 
that time. 


Housing for Workers and Families 


Housing for workers in the first-stage 
production will be in the neighborhood of 


EXPLORATION of “‘lost world” area has re- 
vealed the presence of gold, diamonds, baux- 
ite, nickel, titanium, and lead. 


5,000 units for 25,000 inhabitants; second 
stage production will require an addi- 
tional 12,000 units for an estimated 60,- 
000 persons. The new community is 
planned for completion simultaneously 
with the first and second stages of steel 
production. This will involve a total out- 
lay of $1.2 million for housing alone. 

This is in addition to more than 10,000 
persons now in Puerto Ordaz, concerned 
primarily with loading the iron ore on 
ships for export. 


FALLS OF THE CARONI RIVER south of Puerto Ordaz, Venezuela, will 
produce the 300,000 kw of power to be utilized by steel mill on the 





Army Message Printer Device 


Is First Superspeed Combat Unit 


A MESSAGE PRINTER and code puncher 
was officially unveiled for public demon- 
stration at the Armed Forces Communi- 
cations and Electronics Association con- 
vention at the Sheraton-Park Hotel in 
Washington, D. C., recently. It is the first 
in a new family of superspeed combat 
teletypewriter units. 

rhe new device was developed for the 
U. 8. Army Signal Corps, by Kleinschmidt 
Laboratories, Inc., a subsidiary of Smith 
Corona. It pounds out messages at 750 
words a minute—12 times faster than the 
average typist, 5 times faster than normal 
conversation, and more than 10 times 
faster than standard teletypewriter equip- 
ment. 


Description 


The device has no ordinary typing keys. 
Instead, a whirling wheel rimmed with 
letters prints the high-speed messages. It 
spins at 3,750 revolutions a minute—as 
fast as wheels on a car going 500 miles an 
hour. At the precise instant the correct 
letter comes into position, a tiny hammer 
slaps the paper against the type wheel. 
Perfection of this technique represents a 
major breakthrough in the field of me 
chanical printing. 

It types Out messages on 74-inch paper 
tape, at the same time punching out coded 
holes. Tape spews from the printer at 714 
inches per second. These tape messages 
can be relayed rapidly to other points; 
or, they could be printed on the spot in 
page form through the utilization of au- 
tomatic typewriters. 


Communications Speed 


As part of a combat communications 
center, it will be able to rush high-priority 
messages to widely dispersed mobile com- 
mand posts. The device is not only five 
times faster than voice communications, 
but also it gives a permanent printed 
record of the message for future reference, 
as needed, 


In the tempo of modern warfare, such 
speed is essential. Combat units must be 
widely dispersed to avoid mass destruction, 
yet closely co-ordinated for united action, 
Warnings and information on enemy 
movements must move rapidly and ac- 
curately over a broad area. Such new 
equipment, part of tomorrow's high-speed 
Army-wide communications system, may 
save innumerable lives in the event of 
nuclear combat. 


Mobility 


The printer can be mounted on a jeep 
or truck teamed to a mobile forward area 
communications center. On short notice, 
the entire center, including the new unit, 
will be able to pack up, move to a safe 
location, and go right back into operation 
almost immediately. 

rhe printer—-puncher could also be used 
to feed battle information into a new 
mobile combat computer now under de- 
velopment. This electronic “brain” will 
be able to evaluate tactical information 
and decide on priority targets faster than 
any human. 


Applications 


The new printer device is similar to 
systems used by news services to rush 
stories to newspapers, radio, and television 
stations, but it is more than 12 times 
faster. It could, for instance, receive and 
print out every word on a full page of a 
standard-size newspaper in less than 8 
minutes. 

In future commercial use, the device 
could speed the transmission of | tele- 
grams, stock market quotations, and 
weather reports. It also has important ap- 
plications in the field of integrated data 
processing. 

The speed of the tape spewing out of 
the device is seven inches per second. The 
Fort Monmouth tests showed this machine 
to be by far the fastest device of its kind 
for combat usage, 


U. S. Army Photograph 


COMBAT TYPER is in- 
spected for message 
from new superspeed 
teletypewriter device 
developed for the U.S. 
Army Signal Research 
and Development Lab- 
oratory. Mounted on a 
radio-equipped jeep, 
the new typer—puncher 
is tested as part of a 
unified mobile com- 
munications center, of 
which the radio van in 
the background is part. 
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ENGINEER makes adjustment in drawer as- 
sembly of nuclear instrumentation system 
developed by Allen B. Du Mont Laboratories, 
Inc. Designed to serve as control and safety 
equipment in either land-based or marine 
installations, the system will be used to 
prove out nuclear reactor design of an 
atomic submarine prototype. 


Instrumentation System for 
Prototype Atomic Submarine 


A system of instrumentation for nuclear 
reactors, designed to serve as control and 
safety equipment in either land or marine 
installations, has been developed by Allen 
B. Du Mont Laboratories, Inc. 

Shipped to the Atomic Energy Commis- 
sion’s (AEC) Knolls Atomic Power Lab- 
oratory (KAPL) in Schenectady, N. Y., the 
equipment is to be used in a land-based 
prototype of a nuclear-powered subma- 
rine, a project developed by the General 
Electric (GE) Company for the AEC, 

To be used primarily in proving out the 
nuclear reactor design in the prototype, 
the instrumentation will also help estab- 
lish operational procedures for an atomic 
submarine. In addition, it will be in- 
corporated in training programs for naval 
personnel serving aboard such craft. 

This nuclear instrumentation system is 
capable of measuring from one to 10 bil- 
lion units of neutron flux per second. The 
rate generally varies between these limits 
in proportion to the power output of the 
reactor. Neutron flux is determined by the 
product of the number of neutrons per 
cubic centimeter and their average velocity 
per second. 

In operation, the instrumentation. sys- 
tem constantly monitors the reactor. It 
gauges and indicates the density and rate 
of change of neutron flux of the atomic 
reactor from “start up” to “full power.” 

When nuclear activity reaches the upper 
safety limit, a signal is produced by the 
instrumentation system which “scrams” 
the reactor. “Scramming” in atomic jargon 
refers to an automatic, instantaneous shut- 
down of a nuclear reactor, Continuous 
visual indications of nuclear activity are 
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given by front panel meters and by a re- 
mote meter panel. 

If neutron flux increases too rapidly, 
this equipment automatically slows down 
the nuclear reaction. This limiting action 
is called “drive down.” 

Special design of the packaging permits 
use of the indispensable safety equipment 
in land-based and surface marine craft, as 
well as in submarine reactor installations. 
The complete instrumentation system con- 
sists of two cabinets, each measuring 74- 
inches high by 24-inches deep by 24-inches 
in width, and weighing approximately 
1,000 pounds, plus seven neutron detec- 
tors and connecting cables. 

Preliminary trials of a prototype of the 
Du Mont unit were sonducted at the 
Naval Research Laboratory in Washing- 
ton, D. C.; the Brookhaven National Lab 
oratory, L.1., N.Y.; KAPL; and at Du 
Mont Laboratories in East Paterson, N.]. 

Subjected to rigorous performance 
checks, tests applied included vibration 
and high shock, the latter through simu- 
lation of conditions experienced in a sub- 
marine during a depth charge attack. 
Operational tests were performed under 
normal and extreme environmental condi- 
tions. These tests covered power supply 
variations, wide temperature and humidity 


variations, and subjection of the cabinets 
to water spray. Operating from a standard 
60 cycle a-c source, the nuclear instrumen- 
tation system is powerful enough to accept 
pulses generated by neutron detectors, 
without preamplification at the detector 
positions. Simplified, low level circuitry is 
employed throughout, allowing use of a 
minimum of vacuum tube components. 
Duplicate circuitry is also provided 
throughout for added safety. 

The nuclear instrumentation system bas- 
ically consists of three channels of reactor 
monitoring equipment. These are a source 
range channel, intermediate range channel, 
and a power range channel. All channels 
are provided in duplicate, again, as an ad- 
ditional safety precaution. Each channel 
is built into a separate, interchangeable 
drawer, allowing quick replacement with- 
out plant shut down. 

Constructed on a fail-safe philosophy of 
design, the Du Mont system is built so 
that failures of parts, or parts of assem- 
blies, will cause trip circuits to become or 
remain de-energized. Failure of any one 
channel will not affect the operation of 
any other channel. All channels are pro- 
vided in duplicate, mechanically and elec- 
trically. Test circuits are built into the 
system to check accuracy of operation. 


System Corrects Errors at 


Electronic Speed without Human Help 


DISCOVERY of a method to insure vir- 
tually uninterrupted accuracy in electronic 
data-processing by correcting mistakes “on 
the fly” at electronic speeds was announced 
recently by the Datamatic Division, Min- 
neapolis-Honeywell Regulator Co. 

The new system, called Orthotronic 
Control, literally recreates source data by 
a form of electronic detective work and 
provides instant data reconstruction of 
lost or garbled words or figures when dis- 
crepancies are automatically spotted at 
any one of a series of check points 
throughout the system. 

Orthotronic Control was hailed as the 
most significant breakthrough in the state 
of the art in the past 10 years by 
P. B. Wishart, president of the firm. He 
called it “the final step in electronic data 
processing techniques to make the giant 
‘brains’ totally self-disciplined.” 

“This,” he added, “now makes the big 
systems capable of correcting mistakes 
with no interruption of work, with no 
human intervention and with no slacken- 
ing of the lightning-fast operations.” 

The word orthotronic derives from the 
Greek stem-word “ortho” meaning straight. 
right, true, or correct, and is combined 
with the end syllables of the familiar 
word “electronic” to describe aptly the 
new control. 


Production Started 


The system has been started in produc- 
tion at Datamatic’s two plants near Bos- 
ton, and will be ready for service with 
existing and future Datamatic 1000 sys- 
tems in the second quarter of 1959, the 
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company announced at this presentation. 

Up until now, systems for checking and 
double-checking for transient errors have 
been developed and used, but previously 
no method was perfected to make the 
complex machines self-correcting. 

In describing what Orthotronic Control 
does, and how it works, R. M. Bloch, 
Datamatic’s director of product develop- 
ment, who invented the method, traced 
the steps of mathematical-electronic 
formulas which led to its perfection. Ten 
years ago he developed the processing 
equipment for automatic checking of digi- 
tal data, now standard in the industry. 

The key development of the new control 
is that it actually regenerates data a split 
second before it is processed whenever a 
mistake shows up. This is accomplished by 
combining mathematical principles with 
electronic performance in constantly cross 
examining each fragment of every letter 
and figure as it is measured in the dot- 
dash impulse of speeding electronic tape 
he explained. By sensing and correcting 
errors in the code signals which make 
up fractions of individual letters and 
digits, lost, damaged, or garbled words can 
be literally resurrected and restored to 
their proper sense and sequence, he added. 


Industry Needs Met 


Orthotronic Control meets a long-felt 
need in the industry for replacing the 
expensive manual correction of error, it 
was explained, inasmuch as it was impos- 
sible for electronic tape operating at speeds 
of 120,000 decimal digits per second not to 
be affected occasionally by dust or other 
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Future Meetings of Other Societies 


IlMuminating Engineering Society, Na- 
tional Technical Conference, Aug 17-22, 
Royal York Hotel, Toronto, Ont, Canada. 


American Astronautical Society, Annual 
Western Regional Meeting, Aug 18-19, 
Dinkelspeil Auditorium, Stanford Univer- 
sity, Palo Alto, Calif. M. A. Broner, 3421 
Greer Rd, Palo Alto, Calif. 


ASME, joint AIChE, Heat Transfer Con- 
ference, Aug 18-20, Edgewater Beach 
Hotel, Chicago, Ill. L. S. Dennegar, 
ASME, 29 W 39 St, New York 18, N. Y. 


The Institute of Radio Engineers 


Western Electronic Show and Conven- 
tion (WESCON), joint WCEMA, Aug 
19-22, Pan Pacific Auditorium, Los 
Angeles, Calif. R. C. Hansen, Hughes 
Aircraft, Co., Culver City, Calif. 

4th National Aeronautical-Communica- 
tions Symposium, Communications Sys- 
tems, Oct 20-21, Hotel Utica, Utica, 
N. Y. (classified symposium, auspices 
Directorate of Communications, Rome 
Air Development Center, Oct 22, Griffis 
Air Force Base, Rome, N. Y. Clearance 
required) R. C. Benoit, 138 Riverview 
Pky, Rome, N. Y 


National Council of State Boards of En- 
gineering Examiners, 37th Annual Meet 
ing, Aug 21-23, Hotel Schroeder, Milwau- 
kee, Wis. W. A. Piper, National Council 
of SBEE, Palmetto State Life Bldg, PO 
drawer 1404, Columbia, S. € 


ISA, 13th Annual Instrument—Automa 
tion Conference & Exhibit, Sept 15-19 
(Maintenance Clinic, Sept 14-15), Phila 
delphia Convention Hall, Philadelphia 
Pa. F. J. Tabery, 3443 S Hill St, Los 
Angeles 7, Calif 


AIME, Rocky Mountain Minerals Con 
ference, Sept 17-19, Newhouse Hotel, 
Salt Lake City, Utah. H. N. Appleton 
AIME, 29 W 39 St, New York 18, N.Y 


AIChE, meeting, Sept 21-24, Hotel Utah, 
Salt Lake City, Utah. F. J. Van Antwer 
pen, AIChE, 25 W 45 St, New York 36, 
N.Y 


SFSA, 56th Fall Meeting, Sept 22-23 
The Homestead, Hot Springs, Va. G. K 
Dreher, SFSA, 606 Terminal Tower, 
Cleveland 13, Ohio 


SES, 7th Annual Meeting, Sept 22-24, 
Benjamin Franklin Hotel, Philadelphia, 
Pa. F. F. Van Atta, SES, 1916 Race St, 
Philadelphia 3, Pa 


EIA, Conference on Reliable Electrical 
Connections, Dec 3-5, Dallas, Texas. 
Deadline for papers Aug 15. R. G 
Roesch, 1068 S Clinton St, Syracuse 4, 
N. ¥. 


Overseas 


2nd International Conference for Analog 
Computations, Sept 1-7, Strasbourg, 
France. 


2nd International Conference on Peace- 
ful Uses of Atomic Energy, Sept 1-13, 
Geneva, Switzerland. U.N.O. 


2nd International Congress on Cyber- 
netics, Sept 3-10, Namur, Belgium. 
Secretariat, International Association for 
Cybernetics, 13, rue Basse-Marcelle, 
Namur, Belgium. 


ICAS, Ist International Congress of the 
Aerenautical Sciences, Sept 8-13, Madrid, 
Spain. Institute of the Aeronautical 
Sciences, 2 E 64 St, New York 21, N. Y. 


Société des Radioélectriciens, Interna- 
tional Symposium on Nuclear Electronics, 
Sept 16-29, UNESCO House, Paris, 
France. Colloque International “‘Elec- 
tronique Nucléaire,” 10, ave Pierre- 
Larousse, Malakoff, Seine, France. 











adverse influences. All systems today have 
built-in detection methods by which the 
machine in effect proofreads its own ma- 
terial and may ring a bell, flash a light, 
or otherwise say, “I have found an error 
in the copy.” Until now, however, this has 
then required tedious manual searching of 
files, or time-consuming reruns of the tape. 

Orthotronic Control's nonstop retrieval 
of data, although requiring no human 
intervention, will relay to the operator a 
typed note informing him that a passing 
mistake has been discovered and fixed. 

The development introduces a new 
technique into the field of electronic data- 
processing, and is expected to have even 
wider application in other areas, notably 
in communications, the company said. 


Three-Point Program 
Includes Missile Research 


A 3-point expansion program calling for 
(1) introduction of new products, (2) 
creation of departments, and (3) enlarge- 
ment of existing activities was announced 
by J. L. Burns, president of the Radio Cor- 
poration of America (RCA), New York, 
N.Y., at the company’s 39th annual meet- 
ing in May. Describing the program as 
one, positive step toward ending the re- 
cession, Mr. Burns said, “We believe that 
the best way out of a recession is to sell 
your way out.” 

Program Detailed. The first of the six 
new products to be put on the market will 
be a high-fidelity tape cartridge for home 
music player—recorders, holding enough 
tape to provide two hours of regular music 
or one hour of stereophonic music. One 
of the most significant departments es- 
tablished is the Astro-Electronic Products 
Division, set up to develop and produce 
earth satellites, space vehicles, and their 
associated electronic equipment. Advances 
in broadcasting, color television, and auto- 
mation were pointed out as examples of 
existing activities which had been ex- 
panded under the new program. 

National Defense. On the frontier of 
missile research, activities in research, de- 
velopment, production, and service are 
being intensified. The company recently 
signed a 2-year contract with the U.S. 
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CIRCUITRY CHANGES 
necessary to add Ortho- 
tronic Control to a 
chassis of the high- 
speed converter of a 
Datamatic 1000 _ is 
shown being checked 
by one of the com- 
pany'’s highly trained 
specialists. 


Army Signal Corps to exploit a major 
breakthrough in electronic miniaturiza- 
tion. This breakthrough is attributable to 
the development of radically new basic 
components, which are assembled into 
micromodules employing transistors. 
Through the use of these micromodules, it 
is possible to achieve a tenfold reduction 
in the size and weight of electronic sys- 
tems for missiles, earth satellites, and field 
equipment. 

To illustrate this reduction, Mr. Burns 
showed an experimental radio the size 
of a fountain pen. It is complete with 
batteries, antenna, and earphone. Its five 
modules, each about 1/10th of a cubic 
inch, correspond to the tubes and accom- 
panying circuits of a conventional 5-tube 
radio receiver. The whole receiver weighs 
only 2 ounces. The miniaturization 
achieved in the fountain-pen radio, he 
said, paves the way for heretofore unreal- 
ized developments not only in radio re- 
ceivers but in nearly every other field of 
electronics as well. 


NSF-Sponsored 
Institutes for Teachers 


The National Science Foundation has 
announced that proposals will be ac- 
cepted until September 1 from colleges 
and universities for the support of 1959-60 
Academic-Year Institutes. These Institutes 
offer full-time study in science and mathe- 
matics through programs designed espe- 
cially to improve the quality of instruction 
offered by high school science and mathe- 
matics teachers. Directions for preparing 
proposals and forms to be used in making 
application may be obtained by interested 
institutions of higher education from the 
Division of Scientific Personnel and Edu- 
cation, National Science Foundation, 
Washington 25, D. C. 

Foundation grants will provide support 
for 19 Academic-Year Institutes during the 
1958-59 school year starting in Septem- 
ber. Each Institute will provide instruc- 
tion for about 50 teachers. Foundation 
grants enable the sponsoring institutions 
to offer stipends up to $3,000 plus addi- 
tional allowance for dependents and travel, 
and cover tuition and fees, an allowance 


Of Current Interest 


for books, and operating costs beyond 
those supported by tuition payments. 

Foundation grants extend complete free- 
dom to sponsoring institutions to admin- 
ister and conduct their respective 
programs, and teachers seeking training 
offered by Academic-Year Institutes should 
apply directly to the sponsoring college or 
university, not to the Foundation. Al- 
though criteria for admission to graduate 
schools vary among sponsoring institutions, 
Foundation policy requires that candidates 
be considered primarily on the basis of 
professional competence and promise as 
teachers of science and mathematics. In- 
stitutes are designed to provide the type 
of supplementary subject-matter training 
needed by the high school teachers whose 
formal education is represented by a 
bachelor’s degree. Most Institutes. will 
provide for an additional closely allied 
summer program which may enable many 
participating teachers to earn graduate 
degrees. 


Coinage Advances 
in Step with Technology 


Coin Thickness Gauged. A unique X-ray 
gauge is being used by the U. S. Mint at 
Denver, Colo., in the control of weight of 
coins. Produced by Industrial Gauges Cor- 
poration of West Englewood, N.J., the 
gauge provides all-electronic control of 
the thickness of the metal strip from 
which the coins are formed, so that they 
do not vary from the extremely close tol- 
erances established for United States 
coins. 

The noncontact gauging system meas- 
ures and controls the coinage strip on 
several reduction passes through a. finish- 
ing mill, by sensing the variation in in- 
tensity of X rays beamed through the 
strip as thickness changes. If the metal 
begins to deviate from the precise thick- 
ness set for each reduction pass, electronic 
circuits activate the mill controls to cor- 
rect the error, This electronic circuitry is 
capable of actuating the mill equipment 
to control the thickness of the metal to 
within less than half a ten-thousandth of 
an inch. 

After rolling, coils are slit, blanks are 
cut from the strip, test weighed, and sub- 
sequently annealed, cleaned, upset, and 
stamped. The number of rejects for over 
and under weight has been so substan- 
tially reduced that the new equipment 
has increased the Mint’s production rate 
considerably. 

Although X-ray gauging equipment has 
been measuring and automatically con- 
trolling the thickness of other types of 
metal strip for about 10 years, the gauging 
of coinage strip had never before been 
attempted by noncontact gauging because 
of the broad range of thickness (0.038 inch 
to 0.196 inch) and the wide variety of al- 
loys rolled on a single mill. The alloys in 
coins range from the heavy alloy of silver, 
through a nickel base alloy, to a copper 
alloy for the pennies. To be effective, the 
control gauge must have precise and un- 
varying calibration for these alloys and 
for the wide thickness range. 

The alloy and thickness problems were 
solved with a type of built-in automatic 
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calibration. When the operator sets con- 
trol dials for the alloy and thickness (in 
thousandths), standards within the gauge 
are checked against gauge indication of 
strip thickness to assure correctness and 
uniformity of measurement. These stand- 
ard thickness values will not vary for the 
life of the equipment. Studies show that 
the new automatic controls make 10 times 
as Many major and minor corrections dur- 
ing rolling as the mill operator can. The 
electronic circuits analyze the changes of 
thickness, predict the approach of signi- 
ficant change, and actuate the controls to 
forestall it, thus permitting compensation 
for deviations before they are apparent to 
the operator. 


Electronic Monetary System. Within 50 
to 75 years, more than 200 million Ameri- 
cans may conduct all their financial affairs 
without the use of cash, coins, or checks, 
according to industrial design and elec- 
tronic systems specialists G.M. Hunt and 
P. E. Lannan of Designers for Industry, 
Cleveland, Ohio. The only remaining bar- 
rier to use of the electronic method seems 
to be the amount of time necessary to 
change over our present bulky money- 
handling system. All typical components 
of such a system, it is stated, are already 
understood and can be built with little 
difficulty. 

Under the new monetary system, all 
bank deposits and _ withdrawals, all 
“charge” payments, and all 
“cash” purchases will be made with the 
use of individual “electronic pocket- 
books,” and auxiliary data-processing 
equipment used by employers, businesses, 
and banks. Essentially, the system will 
work in the following manner: the elec- 
tronic pocketbook will be a laminated 
metal card, probably plastic coated, about 
the size of today’s driver's license. The 
card will contain a complex network of 
printed circuitry. This circuitry will form 
the basis of an electronic “meter,” show- 
ing the amount of dollars available to the 
user. Deposits will send the meter up. 
Payments will send it down, in grada- 
tions as small as l¢. 

Instead of a paycheck, wages will be 
“posted” on the employee's electronic 
pocketbook by the employer. This “post- 
ing machine” will be wired to a central 
bank clearing house, which posts a simi- 
lar withdrawal on the corporate electronic 
pocketbook. The employee can then use 
his card to the limit of his deposits in 
paying bills and making purchases. Each 
time he makes a purchase or pays a bill, 
the correct amount will be “withdrawn” 
from his card at the store where he is 
doing business. This data will be simul- 
taneously transmitted to the bank clearing 
house, which electronically deducts the 
amount from his account. 

It is predicted that under this new sys- 
team checking accounts will be balanced 
out at electronic speed, check forgeries will 
be prevented, and embezzling will be prac- 
tically impossible. Each card will contain, 
in addition to visible identifications, an in- 
visible electronically coded number which 
will be assigned to the user. Should the 
card be lost or stolen, an immediate stop 
can be placed on all withdrawals against 
that number, until electronic bank scan- 
ners can determine if someone is attempt- 


so-called 
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ing to use the card wrongfully. Payment of 
bills by mail will be replaced by telephone 
payment. Placing the electronic pocket- 
book in a specially adapted telephone will 
transmit the code number, plus the 
amount to be paid, via an individual 
audio frequency to the proper party. 
Payments can thus be made simply by 
dialing the creditor’s number. 


Pulse Code Modulation 
in the Telephone Industry 


Pulse code modulation is being explored 
as a possible technique for greatly increas- 
ing the information handling capacity of 
conventional telephone cables. For ex- 
ample, there is a possibility that a single 
twisted pair may handle 176 telephone 
conversations simultaneously, or that seven 
such pairs may handle a complete televi 
sion signal by utilizing pulse code modula- 
tion techniques. A maximum rate of 10 
million pulses per second is required on 
each pair. 

In pulse code modulation, continuous 
or analog information, such as a television 
signal, is coded into discrete bits of in- 
formation which may be transmitted over 
wire or radio links by means of groups of 
pulses. If six pulses are available in each 
group, any of 64 different amplitude levels 
of the analog information may be repre- 
sented by the presence or absence of pulses 
in the group. 

If the analog information is a mono- 
chrome television signal, coding into 64 
discrete amplitude levels and then decod- 
ing results in very little degradation of the 
reproduced picture. If each group contains 
seven pulses, 128 different amplitude levels 
can be transmitted, and it takes an experi- 
enced observer to distinguish between the 
original television picture and a picture 
which has gone through the coding and 
decoding process. Similarly, the quality of 
voice signals would be maintained during 
such a coding and decoding process. 

Pulses at the rate of 10 million per 
second deteriorate very rapidly when trans- 
mitted over a twisted pair, making it 
necessary to regenerate them about every 


DEMONSTRATING a 
pulse-code modulator 
repeater link are R. L. 
Carbrey (left) and A. J. 
Rack of Bell Telephone 
Laboratories. Incom- 
ing pulses are shown 
at the left; on the 
right, the pulses are 
shown after they have 
passed through a haif- 
mile of cable and 
have been amplified 
by a transistorized re- 
generative repeater. 
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half-mile or so. A transistorized regenera- 
tive repeater has been developed which 
can restore the pulses to their original 
condition after they have passed through 
this length of cable. Restoration is com 
plete—there is no degeneration of the 
pulses and no noise introduced into the 
signal. Thus, any number of repeaters can 
be employed and the signal transmitted 
any distance. This is one of the big ad 
vantages of pulse code operation over con 
ventional repeaters. 

The regenerative repeater detects the 
presence or absence of a pulse in the in- 
coming signal. When a pulse is detected, 
the repeater generates a new pulse, iden 
tical to the one originally transmitted. En 
gineering this repeater is quite a problem, 
because the transmitted pulses have de- 
generated after half a mile of transmission 
to the point where it would be difficult to 
identify them as pulses in an oscilloscope 
picture of the signal. One experimental 
repeater contains only two transistors; if 
the distance between repeaters is increased 
to 3,000 feet, as seems desirable, the re- 
generation can be accomplished in a circuit 
using three transistors. 

rhe pulses or absence of pulses in each 
individual code group have a repetition 
interval of 0.1 microsecond. Each pulse 
has a duration or width of 50 millimicro 
seconds and minimum spacing between 
pulses is also 50 millimicroseconds. Such 
high-speed pulse operation is possible with 
tubes, but only recently have transistors 
been developed capable of operating at 
these speeds. Better high-speed pulses can 
now be generated with transistors than 
with vacuum tubes unless very specialized 
and expensive tubes are employed. 

Each repeater requires around 200 milli 
watts of power, and this power can be 
transmitted on the twisted pair along with 
the coded signal. Transistorization has 
made the small power drain and small 
physical size of the repeaters possible. 

Although more research and develop 
ment is necessary before pulse code modu- 
lation comes into widespread use in the 
telephone industry, enough has already 
been learned to assure that this valuable 
technique will become available in the 
near future for greatly increasing the 
information-carrying capacity of existing 
telephone cables. 





Cutting Silicon Crystal 
for Rectifier Production 


Secrecy surrounding the cutting of sili- 
con crystal for rectifier production was 
partially removed recently as the Rectifier 
Division, Audio Devices, Inc., celebrated 
production of its millionth unit at its 
Santa Ana, Calif., plant. 

The Division manufactures silicon recti- 
fiers exclusively. Stock items range from 
0.750 amperes per 100 volt rectifiers to units 
rated at 200 amperes per 400 volts. The 


SLICING of silicon crystal into wafers at the 
Rectifier Division of Audio Devices, Inc. In this 
case a 6-inch, Diatronic diamond cutting 
wheel is mounted in a micromatic precision 
wafering machine. 


TINY die of silicon crystal is shown on the 
finger. The disk below the finger is a slice 
from the crystal which is shown in original 
form in the upper left. Below the crystal are 
completed rectifier units. 


A CALLING CARD inserted into the saw cut 
between two silicon slices dramatizes the loss 
of expensive crystal that occurs during cutting 
operations. The slices of silicon produced are 
approximately the same thickness as the card. 
New thin Diatronic wheels have helped re- 
duce this loss from 65% to 45%. 


firm’s engineering department is constantly 
at work designing units for special pro- 
grams. 

lo the conventional machinist, silicon 
crystal cutting is a reverse twist—the end 
product is practically a precision chip, 
usually 0.10 inch square and 0.013 inch 
thick. Tolerances are held to 0.001 inch. 

Silicon rectifiers became possible when, 
in 1950, Bell Telephone Laboratories, 
Inc., developed a method of “growing” 
monocrystalline silicon. Scientific research 
contributed to other phases of the manu- 
facturing process, but crystal cutting is 
essentially the finding of good diamond 
cutting wheels. 

Silicon is in the Group IV elements on 
the periodic chart, hence, the silicon crys- 
tal is tough to cut. So far, diamond cutting 
wheels have been the only satisfactory 
solution for slicing and dicing silicon 
crystal. 

In the early days of silicon rectifier 
production, the only available diamond 
cutting wheels were either custom made 
and expensive beyond economic manufac- 
turing cost, or extremely wasteful because 
of the scratching they caused and the 
nonprecise thickness of the wheels’ cutting 
edges. 

Intrinsic silicon costs $350 a pound and 
crystal silicon is valued at $5,000 a pound. 
Conventional diamond wheels cut away 
over 65% or more of the monocrystal as 
sawdust. It was natural that silicon unit 
manufacturers poured hundreds of thou- 
sands of dollars into experimenting with 
cutting methods. 

The 14 companies which are today pro- 
ducing the silicon rectifiers used by more 
than 6,000 electronics manufacturers in 
the United States, have developed their 
own individual cutting techniques. 

Audio Devices is now using the latest 
development in diamond wheels called 
Diatronic. This wheel is available at stand- 
ard prices in cutting edge widths ranging 
from 0.006 inch with a tolerance of plus 
0.0005 inch, minus 0. With these wheels 
and using exclusive cutting techniques, 
the Audio Rectifier Division has cut its 
sawdust loss to about 45%. 

Additionally, the new wheels, which 
cost from $30 up, cut satisfactorily for 30 
days or more. The old wheels lasted from 
4 hours to 2 days. 

In cutting, the monocrystal is first sawed 
into “slices” or “disks.” These slices are 
then cemented to a porcelain block and 
encased in plastic. The slices are then 
diced. 

The dice are then etched to remove 
saw scratches and dirt. A much higher 
degree of finish, practically free of scratch- 
ing, results from use of the new Diatronic 
wheels. 

The next step is to alloy the junction 
and provide metallic connection to the 
dice. This is a critical step and the tech- 
nique for accomplishing it is secret. The 
final unit is then assembled. 

Smaller units are about an inch long. 
About a pound of these can be connected 
in series to handle up to 50,000 volts. ‘This 
compares with the approximately 12 
pounds of selenium rectifiers that would 
otherwise be needed. 

Larger silicon rectifiers individually 
handle 200 amperes per 400 volts. These 
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are used to boost available current for 
starting airplanes, to raise long distance 
telephone signals, and to control the 
polarity of pipelines so that corrosion is 
minimized. 


Details Revealed 
on Nose Cone and Space 


Stainless Steel Used. Facts recently re- 
leased concerning the nose cone of the 
U. S. Army’s Explorer satellite, now cir- 
cling the earth every 115 minutes, reveal 
that it is made of stainless steel, type 430. 
This material was selected because of its 
high tensile strength and resistance to 
temperature extremes even when in thin 
gauges for lightness. 

Manufactured by The Lodge & Shipley 
Co., Cincinnati, Ohio, under contract to 
the Army Ballistic Missile Agency (ABMC) 
and the California Institute of Technology 
Jet Propulsion Laboratory (JPL), the nose 
cone is 12 inches long and 6 inches wide 
at its maximum. Thickness of the metal 
ranges from conical walls of 0.013/0.017 
inch to 0.094 inch at the middle of the 
blunt nose. Its weight before assembly on 
the instrument package is 13 ounces, 
which is unusually light for the strength 
of the shape. 

The stainless steel unit not only serves 
as nose cone for the satellite but is actually 
the nose cone for the entire Jupiter-€ 
vehicle during initial acceleration in take 
off. The cone is formed by a process, 
similar to cold-rolling, called the Floturn 
method, in which the displacement of 
metal is parallel to the center line of the 
part being formed. 

The Explorer satellite transmits valu 
able data about its own temperature—a 
very vital variable because temperature 
affects the operation of the enclosed in 
strumentation. Tiny bead-shaped ther 
mistors, whose resistance to electrical im 
pulses changes with changes in tempera- 
ture, are located in the nose cone. The 
satellite’s environment is also marked by 
cosmic ray particles and micrometeorites 
A low-powered transmitter has broadcast 


TECHNICIAN uses Vidigage, a development 
of Branson Instruments Inc., Stamford, Conn. 
The ultrasonic resonant gauge is used for fi- 
nal testing of U.S. Army Explorer satellite 
nose cone’s wall thickness. Trace on instru- 
ment’s cathode-ray tube indicates thickness 
directly. 
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micrometeoritic data received from a set 
of Il gauges encircling the tubular shell 
near the tail. 


Secrets of the lonosphere. The area 
which begins at 50 miles above the earth’s 
surface and extends far into outer space, 
known as the ionosphere, is being probed 
by scientists of Space Technology Labo- 
ratories, which is a division of The Ramo- 
Wooldridge Corporation, Los Angeles, 
Calif., during tests of Atlas intercontinen- 
tal ballistic missiles launched from Cape 
Canaveral, Fla. 

Dr. D. J. Farmer, head of the Electronic 
Laboratory’s Advanced Research Depart- 
ment experimental research group, said 
that the company’s scientists are seeking 
to gain data for the Air Force relating to 
the distribution of free electrons in the 
ionosphere. The presence of free elec- 
trons affects guidance and radio commu- 
nication, but up to now there has been 
no precise way of measuring electron den- 
sity at ionospheric heights. The usual 
methods of measuring electron density by 
low frequency waves beamed into the 
ionosphere and “bounced” back to earth 
are not accurate enough for missile and 
space vehicle studies. 

lonospheric investigation is being con- 
ducted through use of Doppler radar. Sig- 
nals emanating from the missile are picked 
up by ground Doppler radar installations 
contained in three portable radar trailer 
units spotted at strategic locations at the 
testing grounds. By investigating the dif- 
ference in frequencies recorded by the 
radar sets, based on knowledge of the mis- 
sile’s speed and altitude, scientists will be 
able to obtain electron density measure- 
ments perhaps 10 times more precise than 
has been possible heretofore. 


Acknowledgment Cards 
for Amateur Radio Operators 


Amateur radio operators, who success- 
fully pick up signals from outer space dur- 
ing calibration of the satellite-Minitrack 
stations, can now show cards acknowledg- 
ing their reception. 

Before launching of United States satel- 
lites, the giant transmitter and antenna 
of Diana moon radar at the U. S. Army 
Signal Research and Development Labora- 
tory, Fort Monmouth, N. f., bounce 108- 
megacycle signals off the moon. This is 
done so that the far-flung Minitrack sta- 
tion and amateur radio operators can cali- 
brate their receivers for precise tuning to 
the transmitters aboard the United States 
satellites. 

When amateurs receive the moon- 
bounced signals, they notify the Labora- 
tory at Forth Monmouth or the American 
Radio Relay League at West Hartford, 
Conn. Their help is valuable during the 
calibration period, and thus the amateurs 
make a direct contribution to the United 
States satellite program. 

In appreciation of their assistance, the 
U. S. Army Signal Research and Develop- 
ment Laboratory sends each reporting 
amateur a customary acknowledgement or 
“QSL” card—the first ever issued for pick- 
ing up signals via the moon. 
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MOON CLUB: Amateur radio operators who 

, receive signals bounced off the moon by the 
U.S. Army Signal Research and Development 
Laboratory, Fort Monmouth, N. J., get this 
acknowledgment card. The space-age method 
for tuning radios to satellite frequencies is 
part of the Project Vanguard program. The 
card was designed by B. H. Christenson, 
visual information officer of the laboratory, 
and an amateur radio operator himself. 


Field Effect 
Transistor Amplifier 


A transistor amplifier using a semicon- 
ductor-electrolyte interface modulated by 
an electrical field has been developed by 
J. F. Dewald of Bell Telephone Labora- 
tories. Recent laboratory experiments have 
demonstrated amplifier operation at 1,000 
cps (cycles per second) with gain in ex- 
sess of 15 db. Initial work on conductivity 
modulation at a semiconductor-electrolyte 
interface was carried out at the company’s 
laboratories more than 10 years ago dur- 
ing early studies of transistor action. At 
that time, minority carrier injection at 
small area contacts was discovered, lead- 
ing to the first point contact transistor. 

The newly developed transistor amplifier 
uses a hexagonal rod-like crystal of very 
pure zinc oxide as the semiconductor, im- 
mersed in a highly conducting electrolyte. 
A platinum electrode placed nearby serves 
as the grid element. Because zinc oxide is 
a large-energy-gap semiconductor, - it can 
be operated in a high enrichment condi- 
tion, with one end of the crystal cathodi- 
cally biased with respect to the solution, 


TRANSISTOR AMPLIFIER, using an electrolyte- 
semiconductor interface, developed at Bell 
Telephone Laboratories. 
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and the other end anodically biased. Some- 
where in between is a neutral point which 
is unbiased, where the energy bands are 
flat right up to the surface of the crystal. 
As this neutral point shifts back and forth 
under the influence of varying biasing 
grid voltages, the resistance of the crystal 
changes, passing a current which follows 
the driving frequency very closely. A fairly 
extended range of linear response is ob 
tained. 

In order to make electrical contact to 
the zinc oxide crystal, the two ends are 
indium plated first to assure good ohmic 
contact. They are then copper plated to 
allow soldering copper wire leads. The 
platinized p!atinum grid completes the as- 
sembly. After insulating all wires and con- 
nections except the grid, the assembly is 
immersed in the electrolyte (5% sodium 
tetraborate and boric acid solution), and 
hermetically sealed in a small glass tube to 
avoid electrolyte evaporation. 

Small size is required to give high-fre- 
quency operation. The smallest units con- 
structed so far use crystals about 0.3 mm 
long, and 0.15 mm in “diameter.” It is 
expected that by going to a flat plate crys- 
tal instead of the rod geometry, the present 
low output power levels could be raised 
appreciably, without any over-all increase 
in size, or any change in other operating 
characteristics. 


Developments in 
Missiles and Helicopters 


Sperry Gyroscope Photo 


Army Has New “Sergeant.” A new solid- 
propellant ballistic guided missile to suc- 
ceed the “Corporal” is the U.S. Army's new 
highly mobile, surface-to-surface ballistic 
guided missile called the “Sergeant.” Offi- 
cially announced in Chicago, Ill., by the 
Army, the California Institute of Tech- 
nology’s Jet Propulsion Laboratory, (JPL), 
Pasadena, Calif., and the Sperry Gyroscope 
Company, Great Neck, N. Y., it was re 
ported that “the Sergeant missile has the 
traditional characteristics of its namesake 
reliability, versatility, and toughness. For 
the first time we have a big missile that 
can be quickly emplaced and fired by a 
very small crew under all conditions of 
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weather and terrain. It can deliver a 
nuclear blow far behind enemy lines and 
its highly accurate guidance system is in- 
vulnerable to any known means of enemy 
countermeasures.” 

Ihe over-all length of the Sergeant is 
approximately 30 feet. It is the latest mem- 
ber of a particular family of Army guided 
missiles which includes the Private, WAC 
Corporal, and Corporal, all of which were 
designed and developed by JPL. Sergeant 
uses a solid-propellant rocket motor which 
provides better performance and _ has 
greater storage capabilities than those 
provided by many other weapon systems. 
It employs improved propellants and ma- 
terials which incorporate advanced design 
characteristics that meet the requirements 
of temperature, shock, and vibration en- 
vironments to which a missile will be sub- 
jected both before and during flight. Sys- 
tem elements have been especially de- 
signed for portability and mobility and are 
transportable by standard Army vehicles. 
Che use of solid-propellant and the ad- 
vanced techniques for guidance have mini- 
mized system maintenance requirements 
and correspondingly simplified ground 
handling procedures and equipment. 

The Army reported that flight tests of 
the missile made at White Sands Proving 
Ground, N.M., have actually exceeded ex- 
pectations for the Sergeant missile system. 

One of the Sergeant’s predecessors, the 
last of the WAC Corporal missiles, is leav- 
ing JPL, where it was built, and is heading 
for its final home at the Smithsonian Insti- 
tute, Washington, D. C. It will become 
part of the collection of historic American 
air vehicles there. 

Phe WAC Corporal set its first record,in 
1945 by climbing to an altitude of 43.5 
miles in vertical flight. Later modified as 
the Bumper WAC, in 1949 it rose more 
than 250 miles utilizing a German V-2 
rocket as the main stage, and represented 
America’s first 2-stage rocket vehicle 


Helicopter Developments. A helicopter 
flight control system weighing under 40 
pounds which holds attitude and heading 
accuracies within a fraction of a degree 
has been developed. The unique electronic 


HELICOPTER is precisely stabilized in hands- 
off flight by Sperry Gyroscope Company's 
automatic flight control system for all types 
of rotary-wing planes. Equipment provides 
rotary-wing craft with automatic flight func- 
tions and makes possible remote control of 
pilotless helicopters. 


system was designed by the Sperry Gyro- 
scope Company, Great Neck, N. Y., for use 
with all types of rotary-wing aircraft. It 
enlarges the helicopter’s role to include 
the same automatic control capabilities as 
are provided now for advanced bombers, 
fighters, and transports and makes pos- 
sible remote control of helicopter drones 
from the ground or other aircraft. 

The system operates automatically and 
continuously to stabilize the aircraft in 
manual flight and to afford complete 
“hands off” control when desired. Even in 
high winds, it maintains accuracies within 
a fraction of a degree. Complete four-axis 
control—pitch, roll, heading, and altitude— 
is provided in the system, which takes its 
commands directly from the pilot's controls. 
Automatic features of the system include 
electronic trimming to compensate for 
loading changes, automatic turn co-or- 
dination, and push-button controls for 
precise attitude adjustment. 

Insertion of six printed-circuit calibra- 
tion boards into the basic system “‘per- 
sonalizes” it for each type of helicopter. 
Cost of the calibration boards is a very 
small fraction of the basic system cost, 
eliminating the expense of developing new 
equipment for each type of rotary-wing 
craft. 

A four-way thumb-operated switch on 
the control stick enables the pilot to select 
a “reference attitude” to which the heli- 
copter will return automatically if he re- 
leases the controls. Minor attitude adjust- 
ments are made by “beeping” the four-way 
switch. A very precise barometric sensor 
detects altitude deviations and keeps the 
aircraft at its reference altitude by varying 
the collective pitch of the rotor. 

The system has been designed so that 
nearly all field maintenance is accom- 
plished by simply plugging in replacement 
components. Redundancy of circuits in 
critical components provides further assur- 
ance of safety and, in the event of a mal- 
function, the pilot is able to take correc- 
tive action to avert an unwanted maneu- 
ver. The system can be installed as a unit, 
or components controlling individual axes, 
or combination of axes, may be used 
separately. 

In announcing a development of New 
York Airways, Inc., R. L. Cummings, Jr., 
president, stated that the Bendix-Decca 
Navigator has been installed for opera- 
tional evaluation in each of New York 
Airways’ five 15-passenger Vertol heli- 
copters delivered in the spring. Under the 
over-all supervision of the Government's 
Airways Modernization Board (AMB), 
New York Airways’ helicopters carry the 
complete system including a pictorial cock- 
pit presentation installed as an integral 
part of a specially designed instrument 
panel. The necessary ground stations are 
operated by the Pacific Division of Bendix 
Aviation Corporation under contract with 
the AMB. The Airborne Instruments 
Laboratories will assist the AMB in the 
technical conduct of the entire evaluation 
program. 

An electronic device to maintain heli- 
copter engines at constant speeds in flight 
has been placed in production by the Elec- 
tronics Department of Hamilton Standard, 
Broad Brook, Conn., Division of United 
Aircraft Corporation. Its first installation 
will be on the Navy HSS-IN, a version of 
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the Sikorsky S-58 which has wide military 
and civilian use. The unit, developed 
jointly by the Electronics Department and 
Sikorsky’s Dynamics Section, is a trim- 
ming-type control. It electronically senses 
any fluctuation in rotor speed, ampli- 
fies the signal, and relays it within a 
split second to a servomechanism which 
changes carburetor manifold pressure so 
that the previously selected engine speed 
is maintained. Three panels of transistor- 
ized circuits comprise the unit, which is 
sufficiently rugged to be bolted directly to 
the airframe without shock mounts. 


Conference on 
Electronic Failure Report 


The U. S. Army Signal Equipment Sup- 
port Agency, Fort Monmouth, N. J., acted 
as host for the first Electronic Failure Re 
port Conference held recently. Col. A. T. 
Stanwix-Hay, Commanding Officer of the 
agency, presented the welcoming address. 

The conference, under the chairmanship 
of V. F. Eyerman, Chief of the Equipment 
Improvement Branch of the agency, aimed 
at an exchange of information between the 
services and industry on the usage, experi- 
ences, and problems of using the Elec- 
tronic Failure Report—a report submitted 
each time a part is replaced. 

The reporting system, similar in the 
services and in industry, was discussed 
by each service and representative elec- 
tronics industries, selected by the Electron- 
ic Industries Association and the Aircraft 
Industries Association. 


Chemical Coating 
To Halt Evaporation 


A chemical “blanket” to be used as an 
inexpensive method of saving water now 
lost through evaporation has been de- 
veloped by Columbia University, New 
York, N. Y., research scientists. Dr. V. K. 
La Mer, Columbia University professor of 
chemistry, said that in tests over periods 
of several months, hexadecanol, or cetyl 
alcohol, has reduced evaporation by 50 to 
65°, in reservoirs in the southwestern area 
of the United States and in Australia. 

The harmless chemical applied to the 
surface spreads out to seal off the water 
from the air with a layer only one mole- 
cule thick—so thin that 1 pound of 
hexadecanol covers 10 acres as a mono- 
layer. Dr. La Mer said that if savings such 
as those realized in tests are gained 
throughout areas such as Texas, in which 
water is in chronically and sometimes 
critically short supply, savings could 
amount to many millions of dollars a year. 
By contrast, hexadecanol costs about 40¢ 
a pound and approximately a pound 
every month per acre of water surface 
seems sufficient for average conditions. 

The researchers have determined that a 
monolayer successful for practical purposes 
must be “self-healing,” that its effective- 
ness is drastically reduced by impurities, 
and that it must coat the surface from 
bank to bank. So far as they know, the 
“self-healing” property is possessed only 
by hexadecanol. By closely approaching 
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these and other ideal conditions, they have 
reduced evaporation as much as 10,000 
times in the laboratory. 

Dr. La Mer stated that widespread use 
of the evaporation-preventing monolayers 
now awaits the solution of practical prob- 
lems such as that of applying and replen- 
ishing the chemical to maintain its film 
against the action of dirt and wind. In 
one Australian project, experiments in 
providing a continuous chemical blanket 
are being made with various sizes of cetyl 
alcohol pellets held in screens on floats or 
buoys that are spaced one to the acre. 


IRE Plans 
Summer Seminar 


The 19th Annual Summer Seminar of 
the Emporium Section of The Institute 
of Radio Engineers will be held on August 
21-23 at Emporium, Pa. Publicity Chair- 
man of the Emporium Section D. L. 
Vergason announced that five technical 
papers would be presented at the seminar’s 
program. Additional details may be ob- 
tained from Mr. Vergason, Sylvania Elec- 
tric Products Inc., Emporium, Pa. 


LETTERS TO THE EDITOR 


INSTITUTE members and subscribers are invited 
te contribute te these columns expressions of 
epinion dealing with published articles, technical 
papers, or other subjects of general professional 
interest. While endeavoring to publish as many 
letters as possible, Electrical Engineering reserves 
the right to publish them in whole er in part er 
te reject them entirely. Statements in letters are 


Engineer Registration 


To the Editor: 


At the risk of appearing to be the sort 
of individual who opposes motherhood 
and favors sin, I must take sharp issue 
with many of the arguments advanced in 
favor of registration of engineers—as typi- 
fied by the recent article by A. E. Paige 
(“Your Next Step—Registration,” Elec- 
trical Engineering, June 1958, p. 491). 

Those who urge registration say it will 
bring recognition of engineering as a pro- 
fession, implying that it does not now en- 
joy this status. They say that registration 
will thrust engineers into the same cate- 
gory as doctors and lawyers who must be 
licensed by the state. 

If state registration is an accepted cri- 
terion of professional status, then 
plumbers, barbers, and cab drivers must 
also be ranked as “professional men,” 
since most states require them to pass a 
licensing examination. Obviously there is 
no relationship between state licensing 
and professional status. 

Proponents of registration claim that it 
will raise the engineer's prestige, and they 
again cite the licensed doctor and lawyer 
as proof. (I might again cite the plumber, 
barber, and cab driver, but there are more 
powerful answers.) 

The doctor and lawyer perform direct, 
and very personal services, for members 
of the community at a time when they are 
faced with serious illness or pressing legal 
problems. The layman is cured by one, or 
at the most, several physicians whom he 
knows by name. The same layman is 
quite remote from the teams of thousands 
of engineers who are responsible for pro- 
ducing this nation’s aircraft and missiles, 
or his own automobile. 

Another possible reason for the local 
prestige of doctors and lawyers is the fact 
that they usually drive bigger cars, live in 
larger homes, and belong to “better” clubs 
than the engineer can afford. 
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expressly understood te be made by the writers. 
Publication here in no wise constitutes endorsement 
er recognition by the AIEE. All letters submit- 
ted fer publication should be typewritten, double- 
spaced, not carbon copies. Illustrations should 
he submitted in duplicate, ene copy and inked 
drawing without lettering, the other lettered. 
Captions should be supplied for all illustrations. 


Any young man who enters the engi- 
neering profession with the primary moti- 
vation of “being looked up to” in his 
community (as Mr. Paige suggests), in- 
stead of because he thinks he will enjoy 
the challenges of engineering, had better 
switch to medicine or law 

Certainly, the engineer deserves greater 
public recognition, appreciation, and re- 
muneration for his contributions to so- 
ciety. But will the layman suddenly come 
to appreciate the engineer the more 
merely because he has taken and passed a 
state examination? If anvone seriously be- 
lieves this, I suggest he walk over to his 
neighbor tonight, tell him that he has 
just become a Registered Professional En- 
gineer, and then see if he can detect any 
perceptible change in his neighbor's atti 
tude in subsequent days. (The average lay- 
man probably doesn’t even know that 
doctors and lawyers are licensed.) 

The way to raise prestige and profes- 
sional stature of the engineer in the pub- 
lic’s eye is through the efforts of engineers, 
individually and through their technical 
societies and companies, to better inform 
the public and to dramatize the engineer's 
role in society. For the individual engi- 
neer, this includes the use of every op- 
portunity to speak in public to explain 
the engineer's contribution—but without 
propagandizing. 

Recent events suggest that a few hun- 
dred pounds of metal orbiting around the 
earth have done more to raise the stature 
of engineering in the public eye than all 
the registered engineers who have passed 
state examinations to date. 

rhe original objective, and only real 
justification for registration of any pro- 
fession or trade is to provide the means 
for assuring a minimum standard of com- 
petence for the protection of the public. 
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The layman obviously is not in a position 
to determine in advance whether a doctor 
or plumber, to whom he must turn for 
help, has a minimum acceptable standard 
of competence. State registration provides 
such assurance, with limitations. 

Without periodic re-examination 
(which few proponents of registration 
suggest), there is no assurance that the 
individual has maintained the minimum 
acceptable level of competence which he 
once exhibited and proved. This may be 
acceptable for plumbers and barbers, who 
are relatively unaffected by technological 
change. But in many branches of engi 
neering, the supersonic pace of techno 
logical advances has outmoded the value 
of a single examination and life-time reg 
istration. 

Persons who wish to practice as con 
sulting engineers must obviously become 
registered engineers, as must those (pri 
marily in the civil engineering field) whose 
employment requires it. 

But the competence of the vast ma 
jority of engineers who are employed by 
corporations can be established more ac 
curately by their supervisors, and asso 
ciates, than by a state examination which 
in many instances has undergone little if 
any revision in the past 20 years, despite 
the whirlwind pace of technology. 

Insofar as the case for registration of 
newly graduated engineers, the time to 
erect the hurdles to incompetence is in 
the engineering college or university—not 
afterwards. Surely, the faculty is better 
able to determine the competence of a 
young engineer on the basis of four years 
of performance than the state is on the 
basis of a brief examination. 

If there be a case for registration of en- 
gineers, beyond its original purpose of 
protecting the public, let its proponents 
state it, based on hard cold facts with 
which engineers are accustomed to deal 
ing—not on by-product advantages which 
may or may not accrue. 

Let us stop crying about lack of pro 
fessional recognition and admiration and 
behave like the professional men we are 
interested in the challenges and fun of 
engineering, not in public adulation 


Very truly yours, 


Pp. J. KLASS (AM °47) 


(Avionics Editor, Aviation Week Magazine 
Washington, D. C.) 


Britain? 


To the Editor: 


As a graduate of a British university |! 
was very interested in the recent article 
“Technical Education in Britain” by D. O 
Akhurst. At first I thought the most signi- 
cant error was in the title, which would 
have been more correct as “Technical Edu 
cation in England,” even though as a 
Scot who has paid British Income Tax I 
was somewhat galled by reference to the 
English Treasury. The confused use of the 
word “English” instead of “British” is 
something to which we non-English Bri 
tons are becoming used, and we are in- 
clined now to let such misnomers ride 
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rather than be thought quibbling. But we 
do not think this subject trivial. 

However, in the article, Glasgow (Scot- 
land—postal area North Britain) is men- 
tioned which suggests that the reference 
to Britain in the title was intentional. In 
that case, the four Scottish Universities— 
Aberdeen, Edinburgh, Glasgow, and St. 
Andrews—and the University of Wales 
with its several Colleges should be added 
to the list of 15 degree-granting Univer- 
sities. To the list of Colleges of Advanced 
Iechnology, the Royal College of Science 
and Technology at least should be added. 

The above assumes that “Britain” is to 
be taken in its strictest sense and does not 
include Northern Ireland, which has its 
own seats of learning. 


Yours. truly, 


A. 8. DENHOLM 


(National Research Council, Canada, Elec- 
trical Engineering Section.) 





To the Editor: 


It is generally recognized that short 
review articles such as “Technical Educa- 
tion in Britain” cannot offer the reader 
complete coverage of the subject and for 
this reason references were included for 
further reading, for example, in the case 
of Scotland. Further, it is well recognized 
that Scotland has been in the forefront of 
progressive education for over 400 years; 
indeed the Scottish Education Act to make 
primary education compulsory was passed 
as long ago as 1496. 

It is also recognized that care must be 
taken when studying British statistics and 
for exactly this reason all the statistics 
presented have been correctly associated 
with those areas of Britain to which they 
refer. The term “English Government” 
was used in a general sense with no inten- 
tion of offending the Scots. 


Yours sincerely, 


D. O. AKHURST 


(Massachusetts Institute of Technology, As- 
sistant Professor of Electrical Engineering) 


NEW BOOKS 


The following new books are among those 
recently received at the Engineering Societies 
Library. Unless otherwise specified, books listed 
have been presented by the publishers. The 
Institute assumes no responsibility for state- 
ments made in the following summaries, infor- 
mation for which is taken from the prefaces 
of the books in question. 


A FURTHER HANDBOOK OF INDUS- 
TRIAL RADIOLOGY. By members of The 
Non-Destructive Testing Group of the Insti- 
tute of Physics. Edward Arnold, Ltd., London, 
England; distributed in the United States by 
St. Martin’s Press, 103 Park Ave., New York, 
17, N.Y., 1957. 334 pages, 5% by 8% inches, 
bound. $12.50. Intended to supplement the 
“Handbook of Industrial Radiology” issued in 
1949. New material is included which incor- 

rates such advances as the production of 
radiation of high energy and great intensity, 
the advent of a supply of radioisotopes, and 
electronic progress which makes possible auto- 
matic inspection. Some subjects not previously 
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covered in the handbook, such as fluoroscopy 
and stereoscopy, have now been included. 


A HISTORY OF MAGIC AND EXPERI- 
MENTAL SCIENCE. Volumes VII and VIII: 
The 17th Century. By Lynn Thorndike. Co- 
lumbia University Press, 2960 Broadway, New 
York 27, N.Y., 1958, 695 and 808 pages, 5% by 
8% inches, bound. $10 per volume. These two 
concluding volumes discuss the development of 
experimental science during the 17th Century 
and its liberation from superstitious concep- 
tions. Among the myriad aspects and names 
touched upon, detailed consideration is given 
to Francis Bacon, Descartes, Huygens, and 
Boyle, as well as to Harvey's theory con- 
cerning the circulation of the blood, the pub- 
lication of the “Principia” by Newton, and 
the astronomical studies of Galileo. 


ASTM STANDARDS ON ELECTRON-TUBE 
MATERIALS. Published by the American So- 
ciety for Testing Materials, 1916 Race St., 
Philadelphia $, Pa., 1957. 242 pages, 6 by 9 
inches, paper. $3.50. This is the first collec- 
tion of standards devoted to electron-tube ma- 
terials to be issued by the ASTM. The 
standards included relate to cathode materials, 
insulators, strip materials, wire, metallic and 
nonmetallic seals, and miscellaneous materials. 


APPLIED STATISTICS FOR ENGINEERS. 
By William Volk. McGraw-Hill Book Co., Inc., 
330 W. 42nd St., New York 36, N.Y., 1958. 
354 pages, 644 by 9% inches, bound. $9.50, 
Concerned with the treatment of engineering 
data for correlation, precision, and analysis of 
experimental factors, it emphasizes engineer- 
ing applications rather than theory and pro- 
vides a number of illustrative examples. A 
review of probability theory and frequency 
distribution is included as are detailed dis- 
cussions of curvilinear correlation, the analy- 
sis of variance, and the interpretation of the 
analysis of variance. 


THE EFFECTS OF RADIATION ON MATE- 
RIALS. Edited by J. J. Harwood and others. 
Reinhold Publishing Corporation, 430 Park 
Ave., New York 22, N.Y., 1958, 355 pages, 
6% by 9% inches, bound. $10.50. Theories 
and concepts of radiation effects, radiation 
sources, and measurements of radiation are 
presented, as are the known effects of radia- 
tion on the physical, metallurgical, mechan- 
ical, corrosion, and electrical properties of 
materials. Among the materials dealt with 
are metals, alloys, inorganic dielectrics, semi- 
conductors, organic and polymeric materials, 
and materials for nuclear reactor components. 
Comprises papers delivered at the Collogium 
on the Effects of Radiation on Materials at 
Johns Hopkins University in 1957. 


ELEKTRONIK FREIER RAUMLADUNGEN. 
By Franz Ollendorff. Springer-Verlag, Vienna, 
Austria, 1957. 620 pages, 6% by 9% inches, 
bound. $23.35. A systematic treatment of the 
electronics of free space charges, particularly 
those whose life is strictly determined. The 
separate chapters deal with fundamental phe- 
nomena, free space charge fields, single and 
multigird fields, space charge oscillation, and 
magnetically controlled fields. An extensive 
bibliography is provided, including many 
English language references. This volume is 
part two of the second volume of the author's 
Technische Eletrodynamik. 


ERGEBNISSE DER HOCHVAKUUMTECH- 
NIK UND DER PHYSIK DONNER SCHICH- 
TEN. Edited by M. Auwiarter. Wissenschaft- 
liche Verlagsgesellschaft, Stuttgart, West Ger- 
many, 1957. 282 pages, 642 by 9% inches, 
bound. 52 DM. A group of papers dealing with 
high-vacuum technology and with the phy- 
sics of thin layers, subjects of interest to en- 
gineers in many fields. Sample topics are the 
following: technical problems in vacuum pro- 
duction for mercury rectifiers, changes in 
material properties of thin layers during the 
evaporation process, measurement of the 
thickness of a layer with the aid of an optical 
interference filter, and structure and growth 
of thin vapor-deposited fluoride layers. 


FERN- UND SUMMENFERNZAHLUNG. By 
Franz Kuhn. Verlag G. Braun, Karlsruhe, 
West Germany, 1957. 216 pages, 6 by 84 
inches, bound. $2 DM. Telemetering and re- 
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mote summation metering. Following an in- 
troductory outline of the principles and 
methods of remote metering, sources of cur- 
rent, and impulse repeating, the book sur- 
veys the design and operation of demand 
meters as well as remote meters. It covers in- 
dicating, printing, and perforating devices, 
and discusses applications. The influence of 
impulse storing is also discussed and exam- 
ples of the calculations for summation and 
differential metering are given. 


THE FUNDAMENTAL CONSTANTS OF 
PHYSICS. By E. R. Cohen and others. Inter 
science Publishers, Inc., 250 Fifth Ave., New 
York 1, N.Y., 1957, 287 pages, 64% by 9% 
inches, bound. $7.50. A survey of the present 
state of our knowledge of the fundamental 
constants and conversion factors of the phy- 
sical sciences and of the modern precision 
measurements from which that knowledge is 
drawn. Topics included are: arbitrarily de- 
fined physical units and standards, classical 
measured constants and units, masses of atoms 
and mesons, postwar high-precision measure- 
ments, the method of least squares, and 
least squares adjustment of the atomic con- 
stants. 


GMELINS HANDBUCH DER ANORGAN- 
ISCHEM CHEMIE. Eighth edition. Verlag 
Chemie, Weinheim/Bergstrasse, West Ger- 
many. System No. 28: Calcium, Part B, 
Lieferung 2, 1957, 656 pages, 7 by 10 inches, 
paper. 219 DM ($52.56); System No. 60: Kup- 
fer, Part B, Lieferung |, 1958, 624 pages, 7 by 
10 inches, paper. 349 DM($83.76). This ex- 
haustive review of the chemical and metallur- 
gical literature provides a compilation of tech- 
nical data on the respective elements and 
their compounds, as well as references to the 
sources from which the information came 
Of the current issues, the Calcium Volume 
covers Ca compounds with H, O, N, F, Cl, 
Br, I, and S. The Copper Volume covers Cu 
compounds with the same eight elements, and 
with Se and Te as well. For each compound 
data are given for structure, chemical and 
physical properties, thermodynamic character- 
istics, and other pertinent information, graphs 
and tables being utilized where a series of 
figures is available. The literature reference 
is cited immediately after each item of the 
included data. 


A GROWTH SURVEY OF THE ATOMIC 
INDUSTRY, 1958-1968. By F. H. Warren and 
others. Atomic Industrial Forum, Inc., 3 E 
54th St., New York 22, N.Y. 1958. 84 pages 
9 by 11% inches, spiral binding. $25. Ex- 
amines the business potentials of the nuclear 
industry based on the experience of large com- 
mercial power plants. The programs for nuc- 
lear development in Europe are also consi- 
dered in relation to the effect that these 
programs would have on the nuclear industry 
in the United States. In addition, such aspects 
as fuel and fuel processing requirements, reac- 
tor components, and military programs are in- 
vestigated, 


A HANDBOOK .OF LATTICE SPACINGS 
AND STRUCTURES OF METALS AND AL- 
LOYS. By W. B. Pearson. Pergamon Press, 122 
E. 58th St., New York 22, N.Y., 1958. 1,044 
pages, 64% by 10 inches, bound. $38. A refer- 
ence work on the structures and lattice spac- 
ings of binary and ternary alloys. Part 1 is a 
general introduction to the X-ray investigation 
of metals and alloys with emphasis on the use 
of structure determination and lattice spacing 
measurements to provide information on the 
physical state of metals and alloys, particularly 
equilibrium diagram determination. Part 2 is 
a compilation and assessment of published X- 
ray work on metals and alloys in equilibrium 
with alloy systems listed in alphabetical order. 


HIGH-SPEED DATA PROCESSING. By C. C. 
Gotlieb and J. N. P. Hume. McGraw-Hill 
Book Company, Inc., 330 W. 42nd St., New 
York 36, N.Y., 1958. 338 pages, 64% by 9% 
inches, bound. $9.50. Covers high-speed data 
processors of all types and all manufacturers. 
There is a detailed study of coding and pro- 
gramming with special emphasis on the value 
of flow charts in the analysis of problems. A 
variety of examples and illustrations are given 
for typical applications in the major fields. 
Recent aspects, such as over-all reliability and 
checking of results, use of large random-access 
stores, and form of files, are discussed. 
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INTEGRAL EQUATIONS AND THEIR AP- 
PLICATIONS TO CERTAIN PROBLEMS 
IN MECHANICS, MATHEMATICAL PHY- 
SICS, AND TECHNOLOGY. By S. G. Mikh- 
lin. Pergamon Press, 122 E. 55th St., New 
York 22, N.Y., 1957. 338 pages, 5¥%4 by 8% 
inches, bound. $12.50. An advanced text di- 
vided into two parts, the first dealing with the 
fundamentals of integral equations. The sec- 
ond and largest part is given over to practical 
applications involving one-dimensional and 
two-dimensional problems such as the statical 
theory of elasticity, immersed bodies in hydro 
dynamics, and the theory of oscillations 


INTERNATIONAL CONFERENCE ON 
SPECTROSCOPY, PROCEEDINGS. Proceed- 
ings of the 6th Conference, May 1956. Pub- 
lished as a supplement to Spectrochimica Acta, 
1957; available separately from Pergamon 
Press, 122 E. 55th St., New York 22, N.Y. 663 
pages, 742 by 10 inches, bound. $25. A con- 
siderable number of papers are included which 
deal with such aspects of spectroscopy as flame 
spectroscopy, emission spectrometry, arc emis- 
sion, spark emission, instrumentation in rela- 
tion to emission, instrumentation of absorp- 
tion methods, ultraviolet absorptiometry, and 
infrared spectroscopy. 


MAINTAINABILITY OF ELECTRONIC 
EQUIPMENT, PROCEEDINGS OF THE 
EIA CONFERENCE, 1957. Sponsored by the 
Engineering Department, Electronic Industries 
Association, and published by Engineering 
Publishers, GPO Box 1151, New York I, N.Y., 
1958. 104 pages, 842 by II iches, paper. $5. 
Papers on the requirements for maintainabil- 
ity and the practical means by which accept- 
able maintainability levels can be designed 
into, various types of electronic equipment. 
Ground and airborne applications are dis- 
cussed as are missile applications. Case his- 
tories are given for the Nike-Ajax and the 
Falcon missile systems. 


NOTES ON ANALOG-DIGITAL CONVER.- 
SION TECHNIQUES. Edited by A. K. Suss- 
kind. — Wiley and Sons, Inc., 440 Fourth 
Ave., New York 16, N.Y., 1958. Various pag- 
ings, 6 by 9% inches, bound. $10. Presents the 
subject matter in three parts: the first dis- 
cusses systems aspects of digital information 
processing that influence the specifications for 
analog-to-digital and digital-to-analog conver- 
sion devices; the second part presents a de- 
tailed engineering amalysis and evaluation of a 
variety of conversion devices; and the third is 
devoted to a case study based on development 
work done at the Servomechanisms Laboratory 
of the Massachusetts Institute of Technology. 
The book has been reprinted with corrections 
from the edition published by the Technology 
Press of MIT in 1957. 


NUCLEAR REACTOR EXPERIMENTS. By 
the staff of Argonne National Laboratory. D. 
Van Nostrand Company, Inc., 120 Alexander 
St., Princeton, N.J., 1958. 480 pages, 64% by 
9% inches, bound. $6.75. Problems relating to 
the design, construction, and operation of nu- 
clear reactors are outlined with details of 
equipment and experiments. Areas included 
are nuclear radiation detection, moderator and 
subcritical assemblies, cross sections, operating 
reactors and their characteristics, heat removal 
from a reactor, corrosion and radiation effects, 
fuel preparation, and separation processes. 


ORDINARY DIFFERENCE-DIFFERENTIAL 
EQUATIONS. By Edmund Pinney. University 
of California Press, Berkeley 4, Calif., 1958. 
262 pages, 644 by 9% inches, bound. $5. Pro- 
vides practical techniques for dealing with 
difference-differential equations where provi- 
sion is made for a time lag between past and 
present action. An introductory section indi- 
cates the nature and use of various methods of 
solution, followed by a detailed discussion of 
the infinite series solution as well as methods 
of finding the roots of the characteristic equa- 
tion. The book also deals with first and second 
order mixed difference—differential equations. 
Techniques are ws ey to design of guid- 
ance systems, prediction of business trends, 
and numerous engineering problems. 


PETROLEUM REFINERY ENGINEERING. 
By W. L. Nelson. Fourth edition. McGraw- 
Hill Book Co., Inc., $30 W. 42nd St., N.Y. 36, 
N.Y., 1958. 960 pages, 642 by 9% inches, 
bound. $15. Useful h as a text and as a 
handbook, it includes methods of processing 
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ENGINEERING Societies Library books 
may be borrowed by mail by AIEE mem- 
bers for a small handling charge. The Li- 
brary also prepares bibliographies, main- 
tains search and translation services, and 
can supply a photoprint or a microfilm 
copy of any item in its collection. Address 
inquiries to: R. H. Phelps, Director, En- 
gineering Societies Library, 20 W 39 St., 
New York 18, N. Y 











petroleum, the design of refinery equipment, 
the evaluation of crude petroleum for the 
yield of products, the practical usefulness of 
petroleum products, and the cost of refinery 
equipment and its operation. Physical and 
thermal properties have now been revised to 
include jet fuels and rocket fuels. A new ap- 
pendix analyzes over 70 foreign crude oils as 
well as about 90 representative United States 
oils for comparison. 


PHYSICS OF NUCLEAR FISSION. Trans- 
lated from the Russian by J. E. S. Bradley. 
Pergamon Press, 122 E. 55th St., New York 22 
N.Y., 1958. 182 pages, 542 by 8% inches, 
bound. $9. Originally published as a supple- 
ment to the Soviet journal “Atomnaya Ener- 
giya,”’ this is a collection of papers revealing 
the status of Soviet research in nuclear fission 
as of 1956. Topics discussed include: fast neu- 
tron fission cross-sections, charge and mass dis- 
tribution of fission products, anistropy in 
fission processes, fission neutrons, some fea- 
tures of nuclear fission at high and low excita- 
tion energies, spontaneous fission of heavy 
nuclei, and photo fission. 


PLANT ENGINEERING PRACTICE. By the 
editors of Plant Engineering. F. W. Dodge 
Corporation, 19 W. 40th St., New York 18, 
N.Y., 1958. 694 pages, 9 by 12 inches, bound. 
$18.50. A collection of articles offering solu- 
tions to problems encountered in daily prac- 
tice by plant engineers. They are arranged ac- 
cording to the following major aspects: sites 
and layout, construction, safety, materials 
handling, maintenance, paints and protective 
coatings, mechanical power and piping sys- 
tems, electric power, lighting, heating, venti- 
lating and air conditioning, instrumentation 
and quality control, and shopwork. 


PROGRAMMING FOR AN AUTOMATIC 
DIGITAL CALCULATOR. By K. H. V. 
Booth. Academic Press, Inc., 111 Fifth Ave., 
New York 3, N.Y., 1958. 238 pages, 5% by 
8% inches, bound. $7.50. Illustrates the proc- 
esses of programming by reference to automatic 
digital computers now in use. Aspects dealt 
with include input and output, division and 
square root, nonarithmetic programmes, ma 
trix operations, simultaneous linear equations, 
mechanical translation, an interpretive pro- 
gramme for decimal tapes, interpretive routines 
and pseudocodes, fault finding, and automatic 
programming. 


STRAIN GAUGE TECHNIQUES. Lectures 
and laboratory exercises by W. M. Murray and 
P. K. Stein, presented at Massachusetts Insti- 
tute of Technology, July 1957. Distributed by 
The Society for Experimental Stress Analysis, 
P.O. Box 168, Central Square Station, Cam- 
bridge 39, Mass. 2 volumes, 842 by II! inches, 
paper. $13. A thorough review of strain gauge 
techniques which covers such aspects as me- 
chanical and electrical aspects of the gauge 
system, the potentiometer circuit, the Wheat- 
stone Bridge, design of highsensitivity circuits 
using galvanometers, common zero balancing, 
multiple gauge bridge circuits, determination 
of amplifier characteristics, amplitude modula- 
tion, calibration of a strain-indicating system, 
dynamic strain measurement, and Rosette 
analysis. Detailed laboratory experiments are 
also explained. 


SYMMETRISCHE KOMPONENTEN IN 
DREHSTROMSYSTEMEN. By August Hoch- 
rainer. + go onlay Berlin, West Germany, 
1957. 364 pages, 642 by 9/2 inches, bound. 45 
DM. Starting with the vector diagram for 
sinusoidal vibrating — and the simple 
laws for currents and voltages in electric net- 
works, the author develops the fundamentals 
of the method of symmetrical components for 
the calculation of 3-phase systems. Particular 
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attention is paid to the effect of the relation 
of various impedances, including the symmetri- 
cal impedances of transformers, electrical ma 
chines, and overhead lines. 


SYMPOSIUM ON RADIOISOTOPES. Pub- 
lished as Special Technical Publication No. 
215 by the American Society for Testing Ma- 
terials, 1916 Race St., Philadelphia 3, Pa., 
1958. 94 pages, 64% by 9% inches, bound 
$2.75. Papers dealing with testing techniques 
utilizing radioisotope tracing. The wide range 
of possibilities is illustrated by case histories 
involving electroplating, the evaluation of 
rubber deterioration, the mechanism of de- 
tergency, and the achievement of process con 
trol by means of tracers during refinery oper- 
ation. 


TELEVISION IN SCIENCE AND INDUS 
rRY. By V. K. Zworvkin and others. John 
Wiley & Sons, Inc., 440 Fourth Ave., New York 
16, N.Y., 1958. 300 pages, 6 by 9% inches, 
bound. $10. Following an introductory section 
on the application of television to industry, 
medicine, and other purposes, the equipment 
that has been developed is described in detail 
Camera design and circuitry of conventional 
equipment are discussed along with color and 
stereo-television apparatus, the electron micro- 
scope, and new developments in miniaturiza- 
tion made possible by the introduction of the 
half-inch vidicon and the transistor 


THEORY OF DIELECTRICS. By H. Frohlich 
Second edition. Oxford University Press, 114 
Fifth Ave., New York II, N.Y., 1958. 192 
pages, 542 by 8% inches, bound. $4.80. The 
properties of dielectric materials are systemati- 
cally studied to provide a background for the 
physicist, chemist, and electrical engineer. The 
author discusses the macroscopic theory, static 
dielectric constant, dynamic properties, and 
applications. This edition contains additional 
material on the theory of the static dielectric 
constant. 


TRANSIENTS IN ELECTRICAL CIRCUITS. 
By G. V. Lago and D. L. Waidelich. The 
Ronald Press Company, 15 E. 26th St., New 
York 10, N.Y., 1958. $7.50. Following introduc 
tory chapters on the classical method of solving 
ordinary linear differential equations by using 
electrical circuits as examples, the Laplace 
transform method of solving integro-differen 
tial equations is presented. A number of appli 
cations are discussed including steady-state 
response to nonsinusoidal wave shapes and the 
extension of circuit theory methods to me 
chanical and electromechanical systems. The 
concluding chapters deal with Fourier series, 
integrals, and transforms in the solution of 
various circuit problems. 


TRANSISTOR TECHNOLOGY, Volume I 
By members of the technical staff of Bell Tele- 
phone Laboratories. D. Van Nostrand Com 
pany, Inc., 120 Alexander St., Princeton, N.J 
1958. 661 pages, 64% by 9% inches, bound 
$7.50. An extensive study dealing with the 
theory and fabrication of germanium transis- 
tors. This volume, which is the first of a se- 
ries, presents the basic framework, and covers 
the technology of germanium materials, prepa 
rations of single crystals, principles of device 
fabrication, principles of transistor performance 
characterization, and transistor reliability. The 
presentation follows approximately the chron 
ology of the development of knowledge con 
cerning the subject. An appendix gives defini 
tions and letter symbols relating to semicon 
ductors. 


TECHNICAL LITERATURE 


The following recently issued technical litera- 
ture may be of interest to readers of Electrical 
Engineering. All inquiries should be addressed 
te the issuers. 


CYBERNETICA. Published by the Inter- 
national Association for Cybernetics (IAC), 
this new quarterly review contains scientific 
articles on subjects relating to the various 
areas of cybernetics. Each issue includes an 
average of four articles and, whenever there is 





sufficient material, a special feature called 
“Recent Publications” is included. One page 
is devoted to news of the activities of the In- 
ternational Association for Cybernetics. The 
first issue, published in May 1958, contained 
articles by G. R. Boulanger, president of the 
IAC, and by Norbert Wiener, professor of 
mathematics at the Massachusetts Institute of 
Technology, among others. Members of the 
IAC may subscribe to the quarterly for 150 
Belgian francs per year; nonmembers, 300 Bel- 
gian francs per year. Information concerning 
subscription payment, further details of the 
quarterly, and membership in IAC may be 
obtained by writing Association International 
de Cybernetique, Secretariat, 13 Rue Basse- 
Marcelle, Namur, Belgium. Also available 
from IAC is a volume containing the texts of 
the lectures given at the two International 
Meetings for Information on the Economic 
and Social Implications of Automation, De- 
cember 1957. 


IMPEDANCE MATCHING. Volume 23 of 
the John F. Rider Electronics Technology Se- 
ries, edited by Alexander Schure, deals with 
the problems of impedance matching at audio, 
radio, and higher frequencies. It treats all 
kinds of devices used as the generator and a 
wide variety of equipment used as the load 
in electrical and electronic circuitry. The 
theory underlying problems of impedance 
matching as well as the solutions are ex- 
plained. Numerical examples illustrate the 
application of appropriate equations. The 
book contains 128 pages and is heavily illus- 
trated. It may be ordered, at $2.90, from John 
F. Rider i Inc., 116 W. 14th St., 
New York II, 


KUNSTSTOFFE. English translations of 
outstanding papers and articles from foreign 
countries in the field of plastics science and 
engineering have been made available by the 
publishers of Kunststoffe, a leading European 
plastics technical journal published in West 
Germany. The usual German edition of Kunst- 
stoffe has been enlarged, as of the July 1958 
issue, by the addition of a supplement, “‘Ger- 
man Plastics Digest,” which contains con- 
densed English language translations of the 
most important articles appearing in the 
journal every month. Subscriptions for the 
expanded magazine are $32 annually, and 
should be sent to Carl Hanser, Zeitschrift- 
enverlag GMBH, Munich 27, West Germany. 


1954-1955 BIBLIOGRAPHIC SURVEY OF 
CORROSION. Publication No. 58-1 of the 
National Association of Corrosion Engineers 
(NACE) was compiled by A. Il. Humphrey. 
Containing a selection of 4,287 abstracts of 
articles on corrosion and corrosion prevention 
published in 1954-1955, this volume also in- 
cludes a number of abstracts published from 
1945 to 1953 which were not available for use 
in earlier bibliographies. Material was selected 
from abstracts compiled by 23 agencies cover- 
ing literature internationally. Abstracts are 
arranged topically in eight main groups: gen- 
eral, testing, characteristic corrosion phe- 
nomena, corrosive environments, preventive 
measures, materials of construction, equip- 
ment, and industries. Each main group is 
subdivided and topical cross-references are ap- 

nded. An author index is included. An 
appendix has been included to aid the user 
in locating and obtaining copies of unfamiliar 
foreign or domestic journals. The bibliography 
may be ordered from NACE, 1061 M & M 
Bldg., Houston 2, Texas. Price: nonmembers 
NACE, $20; members NACE, $15. 


ASTM STANDARDS. Availability was an- 
nounced of two compilations of American 
Society for Testing Materials electrical-elec- 
tronic standards. “Metallic Electrical Con- 
ductors B-1” contains 55 standards of which 
3 are completely new and 13 are revised or 
have had their status recently changed. It 
supersedes the December 1955 edition. Among 
the materials covered are copper, copper al- 
loys, copper-covered steel, aluminum, and gal- 
vanized steel and iron. The 334-page volume 
is priced at $3.75. ‘Electron Tube Materials,” 
compilation of Standards F-l, contains 41 
standards relating to cathode materials, in- 
sulators, strip materials, wire, metallic and 
nonmetallic seals, and miscellaneous materials. 
It is available at $3.50. Both books may be 
obtained from ASTM Headquarters, 1916 
Race St., Philadelphia 3, Pa. 
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OTS REPORTS. A proposal for reducing 
midair collisions of aircraft through use of 
communication and computer techniques has 
been advanced by the v S. Navy, and is 
described in two technical reports released 
through the Office of Technical Services (OTS), 
U. S. Department of Commerce. The authors, 
P. J. LaRochelle and R. E. Brescia of the 
Naval Research Laboratory (NRL), state that 
the most reliable method for significantly de- 
creasing air collisions is a co-operative-data 
collision-avoidance system in which the veloc- 
ity components, available in each cockpit, are 
communicated as they are needed. Ruling out 
such proposals as self-contained data-gathering 
techniques as inadequate in supplying infor- 
mation for quick decision-making and escape 
maneuvering, they maintain that present traf- 
fic control systems cannot meet the demands 
of speed and density requirements of modern 
aircraft. Development of a reliable operational 
navigation system and adequate ground-to-air 
control appears many years away, according to 
LaRochelle and Brescia. Their interim solu- 
tion involves a combination of communication 
and computer techniques which would accept 
data from aircraft instruments, interrogate 
similar installations in other aircraft, and 
give control commands to insure safe clear 
ance of airplanes in the same general airspace. 
Instrumentation for the system would include 
a radar to measure relative position, an inter 
rogator—transponder to allow private commu- 
nication, and computer elements to solve 
equations. The 45-page preliminary report of 
the system is contained in PB 131589 Aircraft 
Collision - Avoidance System Requirements, 
April 1958, price $1.25. The 7-page supporting 
article appears in the March 1958 issue of the 
monthly PB 131681 Report of NRL Progress. 
The single issue of this series (which sells at 
a subscription rate of $10 a year) costs $1.25. 
Both publications may be ordered from OTS, 
U. S. Department of Commerce, Washington 
25, D. C. 


23RD SEMI-ANNUAL ELECTRIC POWER 
SURVEY, April, 1958. This report presents 
the results of the 23rd Semi-Annual Electric 
Power Survey conducted as of April 1, 1958 
by the Electric Power Survey Committee of 
the Edison Electric Institute (EEI) in co-op- 
eration with representatives of the electric 
power systems, or power areas, throughout 
the United States, and the nation’s principal 
manufacturers of heavy electric power equip- 
ment. The survey covers approximately 98% 
of the capability and 99%, the energy out- 
put of the electric power systems of the coun- 
try, including both investor-owned systems and 
those of governmental agencies—Federal and 
non-Federal. Throughout this report all data 
relating to power system capabilities, loads, 
gross margins, and energy outputs are based 
on the specific coverage of the survey, no 
attempt being made to adjust them for 100%, 
coverage. Data for past years in this report, 
therefore, may differ slightly from other pub- 
lished statistics representing complete coverage 
of the industry. Definitions of the terms used, 
together with information concerning methods 
of summarizing the data, are given in an 
appendix. The report, EEI Publication No. 
58-7, may be ordered from Edison Electric 
Institute, 750 Third Ave., New York 17, N. Y., 
at $1. 


RECOMMENDATIONS FOR MAGNETIC 
TAPE RECORDING AND REPRODUCING 
SYSTEMS: DIMENSIONS AND CHARAC- 
TERISTICS, The purpose of this interna- 
tional standards recommendation of the Inter- 
national Electrotechnical Commission (IEC) is 
interchangeability of magnetic tape recordings 
throughout the world. The recommended 
standard, IEC Publication 94, applies to non- 
perforated magnetic tape and equipment used 
for sound recordings and sound reproduction 
in both professional and domestic applica- 
tions. Among the specifications established are 
the mechanical and electrical requirements of 
recordings and sound reproducing equipment, 
nominal tape speed and tolerance, position of 
the active surface of the tape, ition and 
dimension of the magnetic sound track, and 
spools. Provisions are also made for standard 
adapters that permit European machine fit- 
tings to receive American spool hubs, and vice 
versa. Furthermore, the dimensions, minimum 
tensile strength, flammability, and identifica- 
tion of tape sides of magnetic tape are speci- 
fied, as well as tape leaders, program identifi- 
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cation, start of programs, and identification 
by the leader and label on recorded tape. 
Copies of IEC Publication 94, at $2.40 each, 
are available in the United States from the 
American Standards Association, 70 E. 45 St., 
New York 17, N. Y. 


MAGNETIC RECORDING TECHNIQUES. 
By W. E. Stewart, chief engineer, The Stand- 
ard Register Company, this is a guide to the 
technology of magnetic recording devices and 
techniques, written for engineers and techni- 
cians in the various fields utilizing magnetic 
recording. Principles of the recording and 
reproducing processes, recording materials, the 
theory of ferromagnetism, recording mecha- 
nisms, and established standards are covered, 
and design techniques for the various elements 
of magnetic recording systems and ways to 
obtain better performance in many new fields 
of application are shown. Included are defini- 
tions, tables, derivations of key formulas, and 
practical test circuits. Recording and repro- 
ducing functions are discussed separately to 
help analyze the effect that each hes on the 
recording media and on the over-all perform- 
ance. The 268-page handbook, containing 150 
illustrations, is available at $8.50 from Mc- 
Graw-Hill Book Company, Inc., 327 W. 4lst 
St., New York 36, N. Y. 


DIRECTORY TO NUCLEAR DATA TAB- 
ULATIONS. By R. C. Gibbs and Katherine 
Way, of the National Academy of Sciences- 
National Research Council, this directory con- 
tains descriptions of 295 tables useful in basic 
nuclear science, grouped into 34 subject sec- 
tions. Among the topics covered are: abun 
dances, Coulomb functions, cross sections, 
fission, masses and mass differences, mesons 
and hyperons, nuclear properties, radiochemis- 
try, and X rays. In addition to the usual 
bibliographical information, each entry in- 
cludes authors’ institutions, price (other than 
for journals), and details on availability and 
ordering procedures. A topical index and an 
author index have been included. The paper 
bound directory is available at 70¢ from the 
Superintendent of Documents, U. S. Govern- 
ment Printing Office, Washington 25, D. C. 
Payment should be by check, money order, or 
document coupons, and must accompany order. 
Remittances from foreign countries should be 
made by international money order, or draft 
on an American bank, payable to the Super- 
intendent of Documents, or by UNESCO book 
coupons. (Add 25% to total cost of order for 
postage to foreign countries, including Argen- 
tina, Brazil, British, Dutch, and French 
Guiana, and British Honduras.) 


SPECIAL LIBRARIES ASSOCIATION 
TRANSLATION CENTER (SLA). Located at 
the John Crerar Library in Chicago, Ill, the 
SLA has announced that it can now furnish, 
on a subscription basis, printed catalog cards 
for current scientific and technical material 
which has been translated into English from 
all languages, including Russian. This effort 
of the Center to facilitate the exchange and 
growth of scientific knowledge in the Western 
world will make available in card form the 
thousands of citations given in the Center's 
bibliographical journal, Translation Monthly. 
Four types of subscriptions to translation cata- 
log cards are available: (1) full coverage of 
Translation Monthly (approximately 12,000 
titles yearly); (2) coverage of al! translations 
currently received by the Center (approxi- 
mately 6,750 titles yearly); (3) coverage of all 
Russian translations received by the Center 
(approximately 3,100 titles yearly); amd (4) 
coverage of all titles in specific subject fields. 
The SLA Translation Center is a depository 
for unpublished scientific material which has 
been translated into English. It collects trans- 
lations from Government agencies, industry, 
technical societies, and educational institu- 
tions, making copies of these translations avail- 
able to other research groups and individuals. 
Users may borrow paper copies of desired 
translations or may purchase microfilms or 
photoprints of translations. To keep libraries 
and information centers informed of new 
translations, the Center publishes Translation 
Monthly, a listing of translations recently re- 
ceived by the Center as well as translations 
available from commercial agencies. Further 
information about the SLA Translation Center 
and its services may be obtained from The 
SLA Translation Center, The John Crerar 
Library, 86 E. Randolph St., Chicago 1, Ill. 
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SPACE FLIGHT and NUCLEAR PROPULSION 


A drastic reduction in vehicle mass ratios. ..substan- 
tially increased specific impulse values...a capability 
for achieving very high speeds...these are some of 
the significant advantages that will come from the 
application of nuclear energy to space flight. 

A number of different propulsion systems have been 
proposed to utilize nuclear reactions. The simplest 
system consists of a fission reactor through which the 
propellant is passed, heated, and then expanded 
through a rocket nozzle. Fission reactors can also be 
employed as a source of energy to generate electric 
power, which in turn can be used to accelerate ions 
or charged particles, or to create and accelerate a 
plasma. And fusion reactors, when developed, can be 
used to generate electric power for the same purposes. 
In addition, in the case of the fusion reactor, there is 
the attractive possibility that the reaction energy can 
be used directly without conversion to electric power. 

The fission-powered thermal propulsion system will 
probably constitute one of the next major advances in 
space technology. As an example of the gain which 
can be achieved, consider a vehicle with a payload 
weight of about 25 tons for a manned flight to one of 
the nearer planets, landing, and returning. Powered 


by chemical rocket engines, the takeoff weight for such 
a vehicle would be 50,000 tons. But powered by a 
fission-thermal propulsion system, weight at launch 
would not exceed 500 tons...a 100-fold reduction in 
the mass ratio. Considerably greater gains are pre- 
dicted for the more advanced systems. 

Systems studies and advanced research in the appli- 
cation of nuclear energy to the requirements of space 
flight are in progress at Space Technology Laboratories. 
This work illustrates the emphasis at STL on the 
exploration and development of new concepts and 
techniques in ballistic missile and space technology. 

Both in support of its over-all systems engineering 
responsibility for the Air Force Ballistic Missile Pro- 
gram, and in anticipation of future system require- 
ments, STL is engaged in a wide variety of analytical 
and experimental research. Projects are in progress 
in electronics, aerodynamics, hypersonics, propulsion 
and structures. 


The scope of activity at Space Technology Labora- 
tories requires a staff of unusual technical breadth 
and competence. Inquiries regarding professional 
opportunities on the STL Technical Staff are invited. 


Space TECHNOLOGY LABORATORIES 
A Division of The Ramo-Wooldridge Corporation 


S730 ARBOR VITAE STREET ¢ LOS ANGELES 45, CALIFORNIA 
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HERMETICALLY SEALED 
FILTER REACTORS 
Meet MIL-T-27A Specifications 
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“Not stocked, available on short delivery. 





Send for NEW 48 page transformer catalog. 
Also ask for complete laboratory test instrument 
catalog. 


FREED TRANSFORMER C0., INC. 


1700 Weirfield $t., Brooklyn (Ridgeweed) 27, N.Y, 
Circle 13 on the card. 
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Network Protector Kit. A 3-phase network 
protector kit for field testing any network 
protector on the system up through 480 
volts at 50 to 60 cycles is now available. 
The device is arranged so that an over-all 
operation test can be made of the pro- 
tector, followed by individual checks of 
various parts. For further information, 
write Westinghouse Electric Corporation, 
P.O. Box 2099, Pittsburgh 30, Pa. Circle 
201 on the card. 


Radioactive-Gas Survey Meter. Intended 
primarily as a tritium detector, the Levin- 
thal Model N85SM_ radioactive-gas survey 
meter is useful for detecting leaks in sys- 
tems containing other radioactive gases 
as well. Basically, it is composed of an 
ionization chamber through which air is 
continuously drawn by means of a blower 
operated by a selfcontained storage bat- 
tery. Ion current in the chamber is indi- 
cated on a meter relay which can be ad- 
justed by the operator to actuate an in- 
ternal alarm buzzer at any predetermined 
level. For further information: Levinthal 
Electronic Products, Inc., Nuclear Divi- 
sion, Stanford Industrial Park, Palo Alto, 
Calif. Circle 202 on the card. 


Model 6 Juno. This instrument is a port- 
able, battery-operated survey meter which 
measures the intensity of, and distinguishes 
between alpha, beta, and gamma radiation. 
It is used to protect personnel from the 
danger of overexposure to radiation from 
radioactive materials or X rays. The Model 
6 is a new version of the Juno available 
in 2 models: SRJ-6 (standard range): 50, 
500, and 5,000 milliroentgens per hour 
full-scale; and HRJ-6 (high range): 250, 
2,500, and 25,000 full-scale. Both models 
meet AEC specifications. For complete de- 
tails, write for Bulletin No. 159. Address 
inquiries to Technical Associates, 140 W. 
Providencia Ave., Burbank, Calif. Circle 
203 on the card. 


‘Recording Annunciator. Pinpointing trou- 
ble and providing information for quick 
analysis of equipment failures is the dual 
service of the recording annunciator re- 
cently developed by Panalarm Division of 
Panellit, Inc., 7401 N. Hamlin, Skokie, Il. 
Che unit was designed and produced spe- 
cifically to provide a compact, permanent 
record of the off-normal and. return-to- 
normal operations of power substation 
equipment. It also has wide application 
in other fields where an accurate record 
of equipment operations is desirable. 
Circle 204 on the card. 


Volume Units Meters. Occupying at least 
15% less panel space than comparable 
units, volume unit meters that meet Amer- 
ican Standard C16.5-1954 are now being 
offered by Assembly Products, Inc., Ches 
terland, Ohio. These meters are being sup- 
plied in the model 56/ housing that ex- 
poses only the indicating area. The re- 
maining 30°, of the meter is mounted be- 
hind the panel. Circle 205 on the card. 


Snap-In Junction Terminal Bushing. The 
snap-in Heyco junction terminal bushing 


NEW PRODUCTS 


is a miniature nylon receptacle offering to 
industry a new quick-connect means for 
access through housings without pig-tail 
wire leads or screw terminals, for moderni- 
zation of component installation and re- 
moval, for control component snap-in, for 
rapid motor hookup, output change, or 
reverse rotation, for multiple electronic 
circuit changes, and for hundreds of appli- 
cations in the electrical, electronic, and de- 
sign modernization fields. More informa- 
tion or answers may be obtained from 
Heyman Manufacturing Company, Kenil- 
worth, N. J. Circle 206 on the card. 


Laboratory Aging Block. The Comet 
Model 600 aging block is a new precision 
testing device for determining the aging 
characteristics of natural rubber, synthetic 

































and light polymers, silicones, plastics, and 
similar materials under closely controlled 
temperatures ranging from 100 to 600 F. 
Equipped with 13 individual test tube 
compartments, the Comet completely elim- 
inates errors caused by migration and con- 
tamination of materials. Manufactured by 
Product Packaging Engineering, Culver 
City, Calif. Information may be obtained 
from C. P. Hall Company, 1340 E. 6th St., 
Los Angeles, Calif., or 414 S. Broadway, 
Akron, Ohio. Circle 207 on the card. 


Centering Microscope. Manufactured by 
the F. T. Griswold Manufacturing Co., 
this microscope enables machinists to lo- 
cate tool spindles precisely over the work. 
Centering the work accurately to within 
0.0005 inch before making a cut, the cen- 
tering microscope eliminates false starts 
from imperfect jigging. Complete informa 
tion is available from the manufacturer 
F. T. Griswold Manufacturing Co., 315 
W. Lancaster Ave., Wayne, Pa. Circle 208 
on the card. 
(Continued on page 32A) 
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Some of the maljor$ ai of the Sex alsiely controllable rotating 
blade; multiple finger conte s and a tiple locking system that insures protection 
during short circuits. It is easy to operate, maintenance free and able to stand 
the degree of momentary surge possible with today's interlocking systems. 


If you have not yet seen a 
full description of the 
HM50... Write us for 
Bulletin 334. 














EvectrRicaL EnGineers EQuIPMENT CO. Melrose Park, illinois Representatives in principal cities 
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For more information circle 14 on reader service card. 
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Now! A bigger choice 
of G-E high current 
silicon rectifiers 


MORE THAN 290 TYPES LET YOU 
MATCH RECTIFIER TO JOB MORE 
ACCURATELY AT LESS COST 


Start With These Basic Units 


Type 4JA60 series Type 4JA62 series 
Maximum Allowable Transient 


Peak Inverse Voltage 100 to 500 100 to 500 

(5 millisec. max. duration) {increments of 50 v) {increments of 50 v} 

Maximum Peak inverse Voltage 50 to 400 50 to 400 
{increments of 50 v} {increments of 50 v) 


Operating Junction Temp. 200°C 150°C 
Max. Ave. Forward Current Per Cell 
Stud temp. 
@ 80°C 64 amps 
@ 110°C 41 amps 
@ 130°C 24 amps 
@ 180°C 


Max. Allowable 
1-Cycle Surge Current 900 amps 


Typical Forward 
Voltage Drop 
@ 70 amps 1.0 1.0 volts 


Then Pick the Variations You Need 

[] Positive polarity (stud is cathode) 

[_] Negative polarity (stud is anode) 

[_] Flexible braided lead 

[] Top stud 

[_] Without fin 

[_] With unmounted single fin 

[_] Hundreds of stacked combinations for almost every circuit requirement. 
Up to 12 fins with inputs as high as 840 volts. 


For complete application and performance data call your G-E Semiconductor Repre- 
sentative, or write General Electric Company, Semiconductor Products Department, 
Section $1888, Electronics Park, Syracuse, New York. 


GENERAL @@ ELECTRIC 


For more information circle 15 on reader service card. ELECTRICAL ENGINEERING 
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Let these Anaconda photomicrographs help you select 
high-temperature Magnet Wire with glass-type insulation 


These two longitudinal sections of Anaconda magnet wires have 
been blown up 400 times—to show you the difference between 
Anaconda Vitrotex and Vitrotex-D (both 130°C—AIEE Class B). 

Maximum high-temperature protection in glass-type insulation 
depends on the proportion of the glass fibers present. Maximum 
resistance to winding damage, however, can call for reducing 
the number of glass fibers and adding a “damage reducing” 
agent such as Dacron. 

This is essentially the difference between Vitrotex and Vitrotex-D. 

Anaconda provides both—in complete size ranges, in rounds, 
squares and rectangulars. You, the designer, must weigh the 
need for insulation and heat-resistance against those properties 
which affect windability. 

Vitrotex, as the left-hand photograph shows, consists of all 
glass fibers—therefore, where winding damage is controllable, 
Vitrotex offers you greater insulation value. 

Sometimes, however, the risk of winding damage cannot be 
avoided. For these situations, Anaconda offers Vitrotex-D. The 


Dacron acts as a bonding agent—holds the fibers in place and 
protects them during winding. 

The pictures above show more than the difference in glass- 
fiber content. They show how Anaconda engineering and manu- 
facturing care provide uniform fiber distribution in both types 
. . . how each has been designed to do a different job—and do it 
well! 

Ask the Man from Anaconda for additional details on (1) 
Vitrotex, (2) Vitrotex-D, (3) Silotext (180°C—AIEE Class H) 
and (4) Silotex-Dt. See “Anaconda” in your phone book, in 
most principal cities, or write: Anaconda Wire & Cable Com- 
pany, 25 Broadway, New York 4, N. Y. 


SEE THE 


man FRM AANACONDA 
FoR MAGNET WIRE 


For more details on the characteristics of Vitrotex and Vitrotex-D, please turn the page— 


ANATHERM 155°C (AIEE s FI 


high temperature resistance 


NYFORM 105°C IAIEE Class A) 


superior windability 


PLAIN ENAMEL | FORMVAR 105°C (AIEE C! A ANALAC 105°C 
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IMPORTANT FACTS FOR YOUR WORK... 


... about 
130°C (AIEE Class B) Magnet Wire 


HIGH TEMPERATURE OVERLOAD PROTECTION. Even uncer severe 
overload conditions, Vitrotex provides protection. This ex- 
ceptional high-temperature resistance is Vitrotex’s outstanding 
advantage—and can be put to use even in totally enclosed 
applications. 

REDUCTION IN FRAME SIZE. Because of the higher temperature 
stability, excellent space factor (compared with cotton), and 
the high heat conductivity of the glass fibers, Vitrotex-wound 
motors and generators can be produced in smaller frame 
sizes for equal rating or with increased ratings in comparable 
size frames. 


MECHANICAL PROPERTIES. Vitrotex has the necessary abrasion- 
resistance for most winding applications. It is suitable wher- 
ever controllable winding is possible. Vitrotex possesses re- 
markable space factor, especially when considering its ability 
to withstand high operating temperatures. Single Vitrotex has 
a space factor better than single cotton of equal gage. Double 
Vitrotex has a space factor better than double cotton of equal 
gage. Vitrotex has good “mesh” factor—windings expand 
no more than other insulations so that special precautions are 
unnecessary in design of windings. 

ELECTRICAL PROPERTIES. Vitrotex is offered as a 130°C (AIEE 
Class B) magnet wire. Its high-grade organic bonding varnish 
plus the glass, give Vitrotex high electrical qualities. Vitrotex 
will retain sufficiently high dielectric strength to operate 
satisfactorily at temperatures above the destruction point of 
organic fiber insulation. At high relative humidity, Vitrotex 
retains its dielectric strength to a marked degree. 

CHEMICAL PROPERTIES. Vitrotex is compatible with most Class B 
bonding varnishes and materials. Windings with Vitrotex 
can be baked after impregnation at temperatures that would 
destroy ordinary insulations. Windings can be impregnated 
with commercial varnishes or other compounds by standard 
methods. While the glass fibers themselves will not absorb 
liquids or compounds, the interspaces of the insulation will take 
up and retain the impregnant. Allows great latitude in design. 
THERMAL PROPERTIES. Vitrotex is a 130°C (AIEE Class B) magnet 
wire by definition. However, the precise temperature at which 
Vitrotex wire can be operated will depend on the design of 
the apparatus. For example, Vitrotex is excellent for use in 
dry-type transformers under Group 2 NEMA classifica- 
tion for operation at 150°C hottest spot. Under severe 
overload conditions where all bond and varnish are destroyed, 
the inorganic glass remains to protect against shorting. 





... about 
130 C (AIEE Class B) Magnet Wire 


WINDABILITY, Vitrotex-D is a high-temperature AIEE Class B 
magnet wire with special abrasion-resistance properties. Where 
a controllable winding operation is not possible (making the 
use of all glass insulation impractical), Vitrotex-D is rec- 
ommended. 


PRECAUTION: Dacron is a polyester. Therefore the use of this 
wire is limited to ventilated equipment 


MECHANICAL PROPERTIES. Vitrotex-D exhibits superior ibeastonll 


resistance. It is ideally suited to those situations where a 
high-temperature Class B magnet wire is needed, but where 
the winding operations from the standpoint of abrasion, small 
bending radii or forming stresses are too severe to permit 
the use of all glass insulated wire. Use of Vitrotex-D on 
rectangulars results in thinner insulation and thus improves 
space factor. 

ELECTRICAL PROPERTIES. As in the case of Vitrotex, Vitrotex-D 
is offered as a 130°C (AIEE Class B) magnet wire. The same 
high-grade, organic bonding varnish is used in Vitrotex-D 
as in Vitrotex—-giving this wire similar high electrical properties. 
CHEMICAL PROPERTIES. The chemical properties of Vitrotex-D 
are similar to those of Vitrotex except, since Dacron is a 
polyester, care should be taken in the selection of the proper 
varnish. 

THERMAL PROPERTIES. Vitrotex-D shows the same general ther- 
mal properties as Vitrotex—with excellent aging and heat- 
resistance. Since less glass is present in the covering, less pro- 
tection is provided under severe overload conditions, 


SEE THE MAN FROM 


FOR 
MAGNET WIRE 


Anaconda Wire & Cable Company, 25 Broadway, New York 4, N. Y. 


TEAR OUT FOR YOUR FILE 














A Transformer becomes a precision device 
with Allegheny Magnetic Materials in the core 





*% ALLEGHENY SILICON STEEL 
*% ALLEGHENY 4750 
* ALLEGHENY MUMETAL 


Unite gor your, Copy 
“TRANSFORMER LAMINATIONS” 


84 pazes of valuable technical data 
on standard and custom-made lam- 
inations from all grades of Allegheny 
Ludlum magnetic core materials. 
Prepared from carefully checked and 
certified laboratory and service tests 
—includes standard dimensions, 
specifications, weights, etc. Sent free 
on request . . . ask for your copy. 


ADDRESS DEPT. EL-8 
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The operation of a transformer is no 
better than the magnetic core around 
which it is built. With Allegheny mag- 
netic materials in the core, you get the 
best—uniformly and consistently. 
Sure there are reasons why! For 
one thing, there’s the long experience 
of a pioneer in development and 
quality control of electrical alloys. 
But most important, the A-L line 
offers complete coverage of any re- 
quirement you may have, any service 
specification. It includes all grades of 
silicon steel sheets or coil strip, as 
well as Allegheny Silectron (grain- 


oriented silicon steel), and a wide 
selection of special high-permeability 
alloys such as Allegheny 4750, 
Mumertal, etc. 

In addition, our service on mag- 
netic materials includes complete 
lamination fabrication and heat treat- 
ment facilities. What's more, this 
extensive experience in our own lam- 
ination stamping department is a 
bonus value for all users of A-L 
electrical sheets or strip. @ Let us sup- 
ply your needs. Allegheny Ludlum 
Steel Corporation, Oliver Bidg., 
Pittsburgh 22, Pa. 


@ 


STEELMAKERS to the Electrical Industry 





Allegheny Ludlum 


For more information circle 17 on reader service card. 
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ITS NEW AND NEWS 


fom ARNOLD 


Arnold Tape-Wound Cores now offer you 
every feature you've been looking for 
,..at no added cost to you 














NEW COMPACTNESS 
in Aluminum-cased Cores 


Now you can build your designs around the last word in improved 
tape cores of high-permeability materials. Arnold 6T Cores in- 
corporate a new type of aluminum core box construction, with 
overall dimensions smaller than older types of aluminum cases, 
and comparable in size with ordinary plastic-cased cores. Result: 
along with the distortion-free strength of the aluminum case, 
that resists winding stresses, you now get the compactness and 
miniaturization possibilities you've wanted. 
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HERMETICALLY SEALED, 
with Built-in Protection 
against Shock and Vibration 


Magnetic properties of Arnold 6T Cores have the most complete 

protection available on the market. The cores are surrounded by | 

an inert shock absorbent inside the cases, and then hermetically '- Ya 
sealed: your best assurance of trouble-free performance, a strong 7 yan 
consideration where the service involves long periods of standby. WY \ \| 
Inherent in the design, of course, is the further guarantee that you \\ 


' 
can vacuum-impregnate your coils. 
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1000-VOLT BREAKDOWN 
GUARANTEED! 


The revolutionary new type of core box construction developed 
for Arnold 6T Tape Cores employs a strong, inert covering for 
which 1000-volt breakdown is guaranteed. This covering possesses 
a hard gloss finish, and gives a suitable radius on all corners. The 
elimination of sharp corners insures against cutting through the 
insulation of the winding wire. The hard, non-cold-flowing finish 
protects against the wire cutting through the case covering, a 
double guarantee against shorted wiring. 
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MEETS MILITARY “SPECS” 
for Operating Temperatures 
and Temperature Rise 


Arnold's new type of hermetically-sealed aluminum core box con- 
struction fully meets the requirements of military specifications 
Mil-T-5383 or Mil-T-7210, wherever applicable. This involves a 
positive guarantee that the case construction will withstand 
ambient temperatures to 170°C, and a 25°C temperature rise. 





Arnold 6T Tape Cores will be available in all 
standard sizes, and special sizes may be made to 
order... all guaranteed for size, hermetic seal, 
dielectric strength and temperature of operation. 


wsw 7250 
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SAVE $13.30 PER CONDUCTOR MILE PER YEAR WITH NEW ALCOA 62.0% CONDUCTIVITY CONDUCTOR 


Here’s How: 


Conductor size: 795,000 cm ACSR 26/7 

Weight per foot: 1.094 lbs 

Peak load current: 500 amps 

Demand charge: $200 per kw (average for company 

with both hydro and steam 
generation) 

Annual cost of demand charge: 11% 

Cost of energy losses: $0.0035 per kwh 

Load factor: 50% 

Loss constant: 2650 (Fig. 13-1, p. 1159, 
Standard Handbook 
for Electrical Engi- 
neers, 9th Ed.) 

Operating temperature: 50° C 

Interest rate: 4% 

Amortization period: 30 years 

Resistance per conductor mile, 61% conductivity: 

0.1297 ohms 

Resistance per conductor mile, 62.0% conductivity: 

0.1280 ohms 
Power loss per conductor mile for 61% conductivity: 
Pr=VPra= 500? x .1297=32.43 kw 
Annual cost of demand charge per conductor mile: 
Cp =32.43 x $200 x .11=$713.46 


26A 


Annual energy loss per conductor mile: 
32.43 x 2650= 85,940 kwh 
Annual cost of energy losses per conductor mile: 
C.= 85,940 x $0.0035 = $300.79 
Total annual loss charges per conductor mile: $713.46 
300.79 
$1,014.25 
For 62.0% conductivity, annual loss charges per conduc- 
tor mile are $1,000.95. 
The annual saving between the two is $13.30 per con- 
ductor mile. 
The present value of benefits is: 


py=c-—Ct 


= $13.30 x 


1— (1+-.04)-80 
04 


= $229.96 


Converted to per-pound value of conductor: 


5280 x 1.004 ~ 99-0398 per pound of conductor 
Note: This example is designed to show typical costs. 
Cost factors will, of course, vary for your area, resulting 
in smaller—or even greater—savings. 


ELECTRICAL ENGINEERING 








Here's Why: 


Alcoa’s new electrical conductor standard with minimum guaranteed con- 
ductivity of 62.0% LACS (International Annealed Copper Standard) can save 
you money right now. 
This remarkable new Alcoa development in electrical technology gives 
you an increase in conductivity at no increase in cost over EC grades of 
conductor formerly supplied. Extensive shipments have already demonstrated 
the complete dependability of this new Alcoa high conductivity guarantee. 
If you must consider other sources for either transmission or distribution, ask ALCOA q 
for certified test reports. : ALUMINUM 


ELECTRICAL CONDUCTORS 
AND ACCESSORIES 


This new conductor is the latest example of Alcoa’s leadership in research ; 7st mcmagaoo 
and development which for over half a century has produced increasingly ? 


nial 


. : : . sei Your Guide to the Best 
efficient conductors and accessories for the nation’s electric utilities. For more in Aluminum Value 


information on how Alcoa 62.0% conductivity conductor can result in savings 
on your system, call Alcoa. Aluminum Company of America, 2309-H Alcoa Bis peggy hp il 
Building, Pittsburgh 19, Pennsylvania. 





ALTERNATE MONDAY EVENINGS 
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Giant new horizontal 
cabling machine in new 
Roebling plant is used in 
production of Low-Pres- 
sure Gas-Filled Cable. 
Here spirals, tube, insu- 
lated conductors and paper 
fillers are formed into cable. 


Ei.) 


“Corer 








Two steel spirals conduct gas to all 
parts of cable to prevent ionization and provide 
self-supervisory properties of cable. 


Non-magnetic 
metal tape over cable core. 





impregnated paper 
insulation, with shielding, 


Solid copper tubing has 
opening at splices, keeps gas 
pressure at constant level 
in spiral tubing. 


Tellurium-Lead Alloy Sheath resists 
bending fatigue, creep, age-hardening, 
abrasion; has outstanding 
heat stability. 


FOR UPHILL POWER PROBLEMS 
ROEBLING GAS-FILLED CABLE! 
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Packs more power in 
less space than solid-type cable! 


When power circuit profiles include steep grades, 
there’s no better means of power transmission than 
Roebling Low-Pressure Gas-Filled Cable! Here's 
why. When a solid-type cable is used for an installa- 
tion of this kind, its oil impregnant inevitably drains 
to the bottom of the grade. Result? At the top, the 
cable becomes vulnerable to ionization. And oil 
pressure build-up at the base of the grade rapidly 
causes a rupture in the lead sheath, resulting in cable 
failure. 

Roebling Low-Pressure Gas-Filled Cable (for 
voltages up to 46 kv) ends both these problems . . . 
and has other benefits besides! Dry nitrogen gas, 
inside the cable at approximately 12 psi pressure, 


For more information circle 20 on reader service card. 


effectively suppresses ionization. From the top of 
the grade to the bottom, internal pressure is uniform. 

Another major advantage of Roebling Gas-Filled 
Cable is that it is self-supervisory. An alarm system 
immediately tells you if there’s trouble along the 
line. And because this cable carries more power in 
a smaller diameter, existing manholes and conduits 
do not have to be altered. 

If you have had trouble making power cable 
behave on grades (or anywhere else), call your 
Roebling Field Representative today about Roebling 
Low-Pressure Gas-Filled Cable! And for an eye- 
opening brochure, write Electrical Wire Division, 
John A. Roebling’s Sons Corporation, Trenton 2, N. J. 


ROE BLncG > 


Branch Offices in Principal Cities « Subsidiary of The Colorado Fuel and iron Corporation 
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WESTINGHOUSE 


Improves operation of your system »* Reduces your generating costs 


Building upon proven control techniques, Westinghouse 
has developed new concepts to make automatic power 
system control practical for any size utility. This new 
equipment has many unique features with unusual 
flexibility and is designed to meet the exact require- 
ments of your system. 

Savings with Westinghouse Automatic Dispatching 
System will quickly pay for this investment . . . with 
simplified dispatching to meet daily load schedules, 
automatically computing transmission losses and accu- 
rately maintaining tie-line pool operations. 

A Westinghouse Automatic Dispatching System 
brings you modern control for: improved economies, 
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better intercompany relations, improved service and 
optimum use of tie-lines. Equipment continuously regu- 
lates generation to match system requirement, main- 
taining all machines in economic dispatch. 

For information that can lead to more economical 
operation of your system, ask your Westinghouse sales 
engineer about the new Westinghouse Automatic Dis- 
patching System. Or write Westinghouse Electric 
Corporation, P. O. Box 868, Pittsburgh 30, Pa. Ask for 
Folder B-7580. J-60960 


you CAN BE SURE...1F IT's Westinghou se 


POWER CONTROL SYSTEMS 


Seee sane 
SHBRSaaee 
a. “SSS808 
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Two 120 kv de power supplies at Eitel McCullough, 
inc. Tubes, transformers, and vacuum circuit break- 
ers are immersed in oil to reduce space required. 


Sct MRS Seca 


WEST’S LARGEST DC POWER SUPPLY 
PROTECTED BY JENNINGS VACUUM RELAYS 


This huge 240 kv de power supply was built by Eimac to operate 
their large X626 Klystron tubes under test. During the processing of these 
tubes severe overvoltages are applied to insure thorough evacuation. The 
tube is protected from excessive arcing by Jennings fast acting overload 
circuit breakers. 

Jennings overcurrent relays and vacuum switches are used in the 
secondaries wired for three phase simultaneous operation. Vacuum 
switches are also used for time delay back up protection in the 4160 
primaries, to short out current limiting inductors, and to transfer the de 
output for series or parallel operation. 

Qualifications that made Jennings Overload Circuit Breakers the 
unanimous choice of Eimacs engineers are: 


+ High Speed Operation. One-half to one cycle interruption in- 
cluding mechanical operate time. 


f High Voltage Use. Two type R9G vacuum switches in series 
require only 5/32 inch contact opening to interrupt 90 kv rms 
in this application. 


Maintenance Free. Contacts sealed in a vocuum require no main- 
tenance during the life of the switch. 


+ Non-explosive and Non-toxic. Vacuum switches provide maxi- 
mum safety to operating personnel. 


Jennings Vacuum Circuit Breakers provide fast, reliable protection 
for de power supplies when used in the primaries, the secondaries, or 
directly in the dc line. Write for catalog literature describing Jennings 
complete line of vacuum switches. 


ESM 
= RADIO“ 2 oe oe om ee oe a eee ee a oe me me 


Complete Overload Circuit Breaker Units are 
available composed of high voltage instan- 
taneous trip overcurrent relay, a N/O vacu- 
um relay, and a control box, any of which 
may be purchased separately. 


For more information circle 22 on reader service card. 





New Products 


(Continued from page 18A) 


New Slide Attenuators. Development and 
availability of Series 825 and Series 835 
slide attenuators has been announced. 
These slide attenuators are supplied with 
a finger-fitting knob that moves in a 
straight line and can be operated with a 
maximum pressure of 4 ounces. They are 
protected against dirt and foreign objects 
and supplied with slider-type terminals 
on rear. A removable side plate permits 
access to contacts. For additional informa- 
tion on these 825 and 835 slide attenuators 
write, E. L. Grayson, The Daven Com- 
pany, 530 W. Mt. Pleasant Ave., Livings- 
ton, N. J. Circle 209 on the card. 


Magic Marker. This writing and marking 
device fits neatly into the palm of the 
hand and requires no dipping or filling. 
Just lift the cap and write or mark in- 
delibly on almost any surface, including 
glass, paper, wood, cloth, metal, acetate, 
and even on cellophane tape. Its special 
formula ink dries instantly and is water- 
proof and heat resistant. It writes with a 


felt nib that makes lines of varied widths 
from pen stroke to brush stroke size de- 
pending upon which way the nib is turned. 
here is no danger of leakage or spills 
due to the patented “no loose ink” con- 
struction. The Magic Marker is available 
in nine bright colors, including black and 
white, plus four pastel shades. For further 
information contact the manufacturer, 
Speedry Products, P.O. Box 97, Richmond 
Hill 18, N. Y. Circle 210 on the card. 


Hand-Light for Repairmen and Techni- 
cians. The F-5P, a powerful hand-light 
especially adaptable to the needs of repair- 
men and technicians, is announced by 
Carpenter Mfg. Co., Bradley St., Somer- 
ville 45, Mass. The light is of extremely 
rugged aluminum construction throughout 
and has a high-impact plastic lens which 
makes it ideal as a portable light subject 
to constant use, and the punishment of 
tool. box or truck storage. It clamps to 
standard 714 volt battery-packs. Circle 
211 on the card. 
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ENJAY 


helps keep costs low in new Aluminum Busway! 


Enjay Butyl is extruded over the full 
length of the conductors used in General 
Electric’s new Type DE Busway, the first 
busway designed specifically for aluminum. 
This new busway incorporates all 22 
features that engineers consider important 
in busway design, yet it is up to 30% 
smaller and 50% lighter than other busways 
of comparable rating. 


Enjay Butyl rubber is ideal for use as 
continuous insulation of tubular conductors 
because of its inherent resistance to ozone 


When Enjay Buty! is used as continuous insulation of tubular aluminum conductors; 
traveling arcs are virtually eliminated, plug outlets are essentially dead-front. 


and to heat aging. Add Butyl’s excellent 
electrical properties, its vulcanizability and 
the fact that it is the lowest cost rubber on 
the market—and you'll understand why 
it was chosen above all other rubbers to 
do this job. 


Every day manufacturers are discover- 
ing new ways to use economical Butyl. 
Find out how Enjay Butyl rubber can cut 
production costs for you. For further in- 
formation and expert technical assistance, 
contact the Enjay Company. 


Pioneer in Petrochemicals 


ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 
Akron * Boston * Charlotte » Chicago * Detroit + Los Angeles * New Orleans + Tulsa 


Aucust 1958 
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Enjay Butyl is the greatest 
rubber value in the world. 
It’s the super-durable rub- 
ber with outstanding resist- 
ance to aging « abrasion « 
tear « chipping + cracking « 
ozone and corona + chem- 
icals + gases + heat « cold « 
sunlight « moisture. 





25 amps.at 330. volts DC 
regulated by 
ELC6J/A thyratrons 


RPORATED 


ELECTRONS. IN co 


127 SUSSEX AVENUE 


NEWARE 3, N. J. 


Pobialhe i 500 
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Liquid Flux for Silver Brazing. A truce 
liquid flux, specifically developed for braz 
ing silver, gold, platinum, and for numer- 
ous electronics applications, has been de- 
veloped by the research laboratories of 
Eutectic Welding Alloys Corporation, 40-40 
172nd St., Flushing 58, N. Y. It is called 
Eutec-Liquitor. Designed mainly for criti- 
cal and delicate work, this flux gives the 
utmost in controlled application, visibility, 
and minimum residue removal. It is 
unique in that it can be very accurately 
applied with pipette, eye dropper, hypo- 
dermic needle, as well as automatic meter- 
ing devices. Circle 212 on the card. 


Tacking Device. A unique device that 
automatically places tacks and reclaims 
them for subsequent use has been intro 
duced in this country. Called the Tack-N 
Taker, this multipurpose instrument is 
ideal for fixing papers to drawing boards 
and for other drafting and architectural 


uses. Requiring only a push of the hand 
to tack or take, the compact precision en- 
gineered tool stores its own ammunition 
in an easily filled magazine. The 4-inch 
tubular device is designed for needs com- 
monly filled by tacks, push pins, staples, 
tape, and similar contrivances. Further in- 
formation on the Tack-N-Taker is avail- 
able from colorFIX Import Co., 1409 Wil- 
low St., Minneapolis 3, Minn. Circle 213 
on the card. 


Subminiature Lamps in Standard Base. 
A line of subminiature lamps that may be 
used in the standard T7314 lamp base is 
announced by Industrial Electronic Engi- 
neers. This permits use of a smaller lamp 
than the standard No. 44 lamp which is 
normally used in the 7314 lamp base, es- 
pecially where voltage, wattage, and con- 
venience are factors, states the manufac- 
turer. The subminiature lamp is perma- 
nently set in the adapter and the two be- 
come a single integral unit. When the 
lamp burns out, the adapter is discarded 
with the burned-out lamp. For more com- 
plete detailed information regarding these 
subminiature lamps with adapters, write 
direct to the manufacturer, Industrial 
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Southern States’ streamlined RDC 
offers 5 big advantages in design 


34.5-450 KV—600-2000 AMPS 
This high-pressure, double side-break air switch has every feature 


desired for sectionalizing, main line disconnecting, and bypassing 
service in substations and on transmission lines. In addition the 
RDC has five outstanding advantages in its design: 


1. Low silhouette in the open position permits application where vertical 
clearance prohibits the use of vertical-break switches. 
2. Switch blade is completely dead in open position. Phase spacing is 


CUTAWAY — less than required for single side-break switches. 


wew Horizontal breaking permits lower zone of protection against light- 


ning, with corresponding savings in steel structures. 

Amplitact® Contacts on RDC . Smooth, corona-resistant contours result in RIV of less than 500 
High pressure Amplitact contacts provide maximum de- microvelts. 
pendability under high current short-circuit conditions. 
The arrows in Fig. 1 show direction and relative mag- 
nitude of electromagnetic forces induced when switch 


is subjected to fault current. Your Southern States representative will be glad to give you 


The resultont ELECTRO- complete details. Or write direct for Bulletin 57 RDC. 
MAGNETIC forces, as 

shown by arrows in Fig. 

2, greatly increase con- 

tact pressure and posi- 

tively hold blade in 

engaged position. 


One-piece blade is balanced in all positions, reducing stress on 
moving parts. No blade balancing mechanism is required. 


IN CANADA: Dominion Cutout Co., Ltd., Toronto 








‘We taught ourselves 


to use the 


...it's that easy.’ 


PETER M. LANG, Senior Engineer 
NUCLEAR PRODUCTS—ERCO DIVISION OF ACF INDUSTRIES, INC. 


“Our nuclear engineering staff, in developing 
commercial power reactors, required a 
full-sized digital computer that the entire 
group could use. We picked the G-15 and I 


ener 5 
ete ee Fae = 


7 ae ere 


was first to learn its use. I taught myself 


——— 


in two days without help and in turn taught 


two-day classes for other ACF employees. 


“ers 


Many of us had no previous computer 


ws 
re 


experience, but we are now keeping our G-15 


~ 
- 


as 


‘hopping’ —often seven days a week and 
eight to twelve hours a day.’ 


THE G-15 GIVES YOU memory and speed of 
computers costing four times as much * Typewriter 
input-output, paper tape output and 250 
characters/sec paper tape input at no added 

cost * Punch card input-output available + Extensive 
library of programs furnished + Strong user’s 

sharing organization « Proven reliability * Nationwide 


sales and service * Lease or purchase. 


Computer 


DIVISION OF BENDIX AVIATION CORPORATION 


Built and backed by Bendix, the G-15 is serving scores 
of progressive businesses large and small through- 
out the world. For details, write to Bendix Computer, 
Department kK -4 Los Angeles 45, California. 
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New Products 
(Continued from page 34A) 


Electronic Engineers, 3973 Lankershim 
Blvd., North Hollywood, Calif. Circle 214 
on the card. 


Portable Dehumidifier. A portable room 
dehumidifier on wheels has been § an- 
nounced by Suttle Equipment Corpora- 
tion which effectively removes 2 to 3 gal- 
lons of water from the atmosphere every 
24 hours, suitable for industrial or home 
use. Write Suttle Equipment Corporation, 
135 S. LaSalle St., Chicago 3, Ill, for full 
details and prices. Circle 215 on the card. 


Panelescent Lamp. A _ dial-in-the-dark 
telephone utilizing a Panelescent lamp has 
been announced by Sylvania Electric Prod- 
ucts Inc. The telephone is being produced 
by Automatic Electric Company, the man- 
ufacturing subsidiary of the General Tele- 
phone Corp. The Panelescent lamp is the 
Sylvania device which produces light over 
the entire surface of a panel by the prin 
ciple of electroluminescence, the creation 
of light through the excitation of certain 
phosphors placed in an electric field. Only 
0.025 of an inch thick, the lamp produces 
a uniform light without the use of bulbs, 
tubes, filaments, or cathodes. Its construc- 
tion consists of a porcelainized steel sheet 
with a ceramic-phosphor coating. For fur- 
ther information contact Sylvania Electric 
Products Inc., 1740 Broadway, New York 
19, N. Y. Cirele 216 on the card. 


Sound Barrier Noise Protector. The No. 
258 Sound Barrier provides personal noise 
protection for personnel in industrial and 
Government installations where high-level 
noise is a factor. The Sound Barrier is an 
ear-muff type noise protector that is com- 
pact, light-weight, and fully adjustable 
while providing dependable protection 
against harmful high-frequency noise. 
Comfort is assured the wearer by patented, 
liquid filled vinyl cushions developed by 
the Willson Research Center so that there 
is a constant, sound-tight fit even when 
the person wears glasses or safety specta- 
cles. The cushioning effect of the liquid 
filling, plus the polyurethane sponge inside 
each cup, obsoletes old-style solid material 
cushions. In addition, the scientifically 
shaped thermosetting malamine cups with 
front and back fit, are engineered for 
efficient noise deflection. For further infor- 
mation contact Willson Products Division, 
Ray-O-Vac Company, 212 E. Washington 
Ave., Madison 10, Wis. Circle 217 on the 
card, 


Snap Action Switch. The Melematic, a 
new snap action switch, is now available 
for users, manufacturers, and designers. 
This switch is built to meet the rigid 
standards for high quality equipment. 
These are suitable for use where the op- 
erating force is specific. Design character- 
istics include exact repeatability and sta- 
bility in temperature and humidity con- 
ditions. It conforms to the dimensional re- 
quirements of military standard MS 
25026. The switch has the Underwriters’ 
(Continued on page 40A) 
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FROM BEYOND THE SKY 
TO BENEATH THE SEAS 


In the field of communications, two 
extraordinary events have occurred 
within a short span of time. One was 
the linking of Europe to America by 
the submarine telephone cable. The 
other was the sending of radio signals 
from U.S. satellites in outer space. 


Both achievements depended on de- 
velopments from Bell Telephone Lab- 
oratories. The cable was made possible 
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by development of long-life electron 
tube amplifiers able to withstand crush- 
ing pressure on the ocean floor. The 
satellites derive their radio voices from 
transistors—products of basic research 
in semiconductor physics. 


The deep sea amplifier and the tran- 
sistor illustrate the wide range of work 
at Bell Telephone Laboratories. Here, 
over 3000 professional scientists and 


Courtesy Mount Wilson Observatory 


engineers explore and develop in 
physics, mathematics, electronics, 
chemistry, mechanical engineering, 
even biology —in every art and science 
which can help improve electrical 
communications. 

Through this work, Bell Telephone 
Laboratories has helped make your 
telephone service the world’s finest— 
and will keep it so. 


BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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Lapp POC* Bushings 


in voltage ratings to 161 kv 


*PAPER-OIL CONDENSER-TYPE 


ASA STANDARD 





At every voltage rating from 15 kv up, 
Lapp POC* Bushings provide the operating 
security of totally-enclosed design... 
...all exposed insulation is porcelain. 


Lapp Insulator Co.,Inc.,Le Roy, N. Y. 
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BIDDLE TONE SIGNALLING EQUIPMENT 


A LOW COST, 


... Packaged Circuits 


EXIBLE MEANS 


OF OBTAINING MULTIPLE, SIGNALS 


OVER A SINGLE CHANNEL} 
TELEPHONE WIRE OR RADIO 





CONTROL 
6 


ouTPuT 
(1 VOLT) 





TONE GENERATOR 








These complete tone generator and tone 
detector circuits, employing Frahm® Reso- 
nant Reed Oscillator Controls and Relays, 
are available as veritable “building blocks” 
for your communications system. 


Applications for these packaged circuits 
include: selective calling, remote operation, 
supervisory control, data transmission, tele- 
metering, and monitoring. 


The Tone Generators are complete packaged 
oscillator circuits capable of supplying any 
one signal frequency within the ranges of 
20 to 250 cps or 250 and 1100 cps, with 


accuracy of +0.15%. 


The Tone Detectors or receiving circuits, 
which employ a Frahm Resonant Reed 
Relay, operate the contacts of the SPDT 
relay in the unit when a signal of proper 
frequency and voltage amplitude is applied 
to the circuit input terminals, They operate 
with signals having any one frequency in 
the range of 20 to 1000 eps. 


We particularly encourage your inquiries 
and correspondence on special applications 
and problems. Complete details on these 
packaged circuits as well as specifications, 
characteristics, etc., of our Frahm Relays 
and Oscillator Controls are available for the 


asking. Request Bulletins 33 and 34-EE. 


JAMES G. BIDDLE Co. 


Electrical Testing Instruments * Speed Measuring Instruments 


Laboratory & Scientific Equipment 


1316 ARCH STREET, 


PHILADELPHIA 7, PA. 


For more information circle 29 on reader service card. 





New Products 


(Continued from page 36A) 


Laboratory seal of approval. For further 
information write Meletron Corporation, 
950 N. Highland Ave., Los Angeles 38, 
Calif. Circle 218 on the card. 


Safety Eyewear. Two-tone S-7 shape plas- 
tic safety frames in jet black or rich brown 
combined with crystal clear plastic are 
modern and good-looking. They are avail- 
able with matching color spatula or com- 
fort cable temples, also with the original 
and exclusive flat-fold sideshields which 
attach permanently to the temples to per 
mit folding flat. Write for information to 
United States Safety Service Company, 
1535 Walnut St., Kansas City 8, Mo., or 
contact branch office in principal indus 
trial cities. Circle 219 on the card. 


Taper-Contact Connector. Taper-pin re- 
ceptacles replace the solder-pots in a newly 
developed miniature, environmental elec 
trical connector. This taper-contact con- 
nector meets or exceeds the requirements 
of MIL-C-5015 and is available in 3, 7, 12, 
19, 27, 37, and 61 contact arrangements. 


All plugs in this series are available with 
the push-pull locking mechanism. For 
complete information on the taper-contact 
miniature electrical connector, contact The 
Deutsch Company, 7000 Avalon Blvd., Los 
Angeles 3, Calif. Circle 220 on the card. 


Field Conversion Kits. A simple and com 
pact field conversion kit for installing 
push button and selector switch pilot 
controls on Furnas Size 0, 1, and 134 mag 
netic starters is on the market. Designed 
for easy installation, these kits contain 
push-button or selector-switch unit with 
three-color coded lead wires, one pair of 
spring clips for attaching a push button, 
and easy-to-follow instruction sheet show- 
ing wiring diagrams and basic steps to in- 
stallation. Information and prices on these 
field conversion kits can be obtained by 
writing the Furnas Electric Company, 
1063 McKee St., Batavia, Ill. Circle 221 on 
the card. 


Self-Regulating Distribution Transformer. 
Development of this transformer has been 
disclosed by Line Material Industries. 
Designated SRT, the new transformer has 
been designed to improve electric service 
and increase consumer satisfaction. It 
senses voltage at the utilization level and 
maintains an average secondary voltage 
of 120 volts by actuating a tap changer 
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Specify 
Clampmatic 
control 


—to give ‘your customers 


absolute switching security 


For quick-make, quick-break action... 
absolute switching security .. . you can’t 
beat BullDog’s Clampmatic Control 
switch unit. Featured in BullDog bus 
plugs, safety switches, power panels 
and switchboards, it meets today’s 
electrical needs with more efficiency, 
less maintenance, greater safety than 
any other available switching unit. 


The exclusive Clampmatic action on 
line and load jaws doubles the pressure 
on the movable contact slug. It assures 
bolt-tight electrical contact when closed 
. . . and accelerated break when de- 
energized. The result is cooler operation 
which provides long and trouble-free 
switch life. In addition, the Vacu-Break 
enclosing head smothers arcs, mini- 
mizes pitting and burning of contacts. 


Give your clients positive switching 
security with BullDog Clampmatic 
control. For complete details consult 
your electrical distributor or BullDog 


field engineer or write BullDog direct. 
© BEPCO 


The BullDog field engineer demonstrates large scale model of 
Clampmatic action shown at left. Clampmatic-controlled switch 
units include (top to bottom): Vacu-Break Bus Plug, Safety 
Switch and units for switchboards and panelboards. 


©... QGOUBSHOC=& 


position—Clampmatic Control assures bolt a : pang 

: ink. : : : ullDog Electric Products Company, Division of I-T-E Circuit Breaker Company, 
tight contact, quick-break action. Circuits open Detroit 32, Mich. BullDog Export Division: 13 East 40th Street, New York 16, New York. 
with minimum arcing. In Canada; BullDog Electric Products Co. (Canada) Ltd., 80 Clayson Rd., Toronto 15, Ont. 
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SELENIUM 
RECTIFIERS 


for all your d-c needs 


+. the widest range of cell sizes in the industry 


SYNTRON SELENIUM RECTIFIERS 
FEATURES: 


@ High short circuit surge-current abil 
ity to 300 times normal rating 


@ Withstand high transient conditions 
without damage 


@ Cell voltage ratings from 15 to 45 
volt RMS means fewer cells per 
stack 


Protection available for all atmos- 
pheric ¢ or acid 


Ate IL = fi, 





Constructed to withstand high am- 
plitude vibrations 


LONGER LIFE TEST PROVES LOWEST AGING, 
HIGHEST OUTPUT RESULTS IN LONGER LIFE FOR 
SYNTRON RECTIFIERS. 


SYNTRON Selenium Rectifiers consistently out- 
perform and out-last similarly rated rectifiers. 
Adequate, long lasting circuit control of SYN- 
TRON Selenium Rectifiers is accomplished in the 
design stages, not by replacement. 


SYNTRON Selenium Rectifiers are noted for these 
exceptional characteristics—lowest voltage drop, 
lowest leakage current, lowest temperature rise, 
longest life, greater uniformity from cell to cell 
and greatest voltage ratings. 


E558 


Other SYNTRON Products of Proven Dependable Quality 


@ SELENIUM RECTIFIER UNITS 


@ ELECTRIC HEATING ELEMENTS 


@ ELECTRIC HEATING PANELS 


@ SINUATED WIRE 
@ PARTS FEEDERS 


Write for complete information on all SYNTRON Products 


SYNTRON COMPANY 


440 Lexington Avenue 


Homer City,Penna. 
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connected to the primary winding. Regu- 
lation is accomplished by automatically 
changing the transformation ratio in 
214% steps over a voltage range of 10%. 
Effective band width is 314 volts centered 
around a base voltage of 120 volts. With 
respect to rated primary voltage, the regu- 
lation range of 10% can be manually 
selected to be from 90% to 100%, from 
95% to 105%, or from 100% to 110%. 
Voltage ratings of the first SRT’s range 
from 2,400 to 14,400, inclusive. Kva ratings 





are 10 through 100. Operating features of 
SRT’s include a time delay which pre 
vents hunting and unnecessary responses 
to momentary voltage fluctuations, and 
temperature compensation which provides 
reliable operation of the sensing mecha- 
nism over a temperature range of —40C 
to +150C, The self-regulating mechanism 
requires only 12 watts for its operation. 
Circle 222 on the card, 


High-Voltage Insulating Oil Tester. A 
high-voltage tester, Model 4505 nypor, for 
testing breakdown of all insulating liquids 
is announced by Associated Research, Inc. 
This new uypor is designed to test insula- 
tion liquids such as transformer oil to 
meet American Society for Testing Mate- 
rials (ASTM) and Federal specifications. 
This oil tester is of value to production 
and maintenance engineers working with 
high-voltage equipment employing insu- 
lating oils such as transformers, high-volt- 
age capacitors and bushings, or oil-im- 
mersed components or power supplies. 
The features incorporated into this instru- 
ment include ample voltage range, 0 to 35 
kv a-c, 2 kva capacity rating to meet ASTM 
and Federal specifications, continuously 
variable test voltage control, and accurate 
test voltage metering directly across the 
electrodes. Full information may be ob- 
tained in Bulletin 4-60.J from Associated 
Research, Inc., 3777 W. Belmont Ave., Chi- 
cago 18, Ill. Circle 223 on the card. 
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There’s a new meeting ground 
for electrical insulation facts! 


WHERE: Cleveland, Ohio. 
WHEN: September 3, 4,5. 


WHAT: the first National Conference on the Application of 
Electrical Insulation. 

Co-sponsored by AIEE and NEMA, this 3-day work session 
is designed to aid the mutual exchange of ideas and technical 
information by maker and user alike. 

It will lead to a better use of existing materials and to better 


direction in the development of new ones. 

ACTIVITIES WILL INCLUDE: 

2 i . “ - E 
Technical sessions on all types of electrical insulation 
materials and their application in rotating machinery, 
controls and instrumentation, transformers, and electronic 
equipment. 

7 ® . : 7 
A commercial trade show for electrical insulation materials. 


© echnical exhibita by facturers of electrical eau 

e a 5 aiex ‘ 1 = ”Y aa u a re Ta I N A B | oO N A = 
»en Ttorum discussions 1th a panel or insulation experts. 
I ; P CONFERENCE ON 


Registrants will receive pre-printed copies of all technical 

papers to be presented during the Conference, as well as a APPLICATION OF 

record of questions and answers of the open forum discussions. EL 2ée + RI CA Lt 
Make your plans now to attend. iN SU LAT ION 


29 West 39th Street, New York 18, N. Y¥. 


For more information circle 32 on reader service card. 
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WE WANT MORE 
| HIGH LEVEL | 
ENGINEERS 


SONA | 


There are important positions available A 


in these small, independent engineering 
groups at Bendix-Pacific for high level 


| am interested in this engineering field___ 
{ am a graduate engineer with degree. 


| am not a graduate engineer but have __ 
years experience 











Zone___State 








INDUSTRIAL 


New Extrahigh-Voltage Power Line. An 
extrahigh-voltage power line has been 
placed in service between the Common- 
wealth Edison and American Electric 
Power Company systems. Customers of 
two major utility systems, which 
together serve a population of nearly 12- 
million, thus will have added assurance of 
continued dependable electric service. The 
$45,000-volt line is one of the nation’s larg- 
interchange of a bulk electricity 
The 


system to 


these 


est for 
supply between two power systems. 
interconnection enables either 
call upon the other for help during an 
emergency and enables both to operate 
more economically with less generating 
reserve. Completion of the 90-mile tower 
line between Orland Park, Ill., and New 
Carlisle, Ind., came less than 2 years after. 
the project was started. Commonwealth 
Chicago and northern Illinois. 
American Electric Power serves areas in 
Indiana, Michigan, Ohio, West Virginia, 
Virginia, Kentucky, and Tennessee. For 
further information contact American 
Electric Power Service Corp., 30 Church 
St.. New York 8, N.Y. 


serves 


Bendix Computer in Brussels. The Com- 
puter Division of Bendix Aviation Corpo- 
ration is participating in the World’s Fair 
at Brussels. The Commission in charge of 
the U.S. Pavilion has selected the Bendix 
G-15 digita! computer for exhibition be- 
cause it is one of the best examples of 
engineering “know-how” in bringing the 
benefits of automatic techniques to the 
average user as well as to the specialist. 
On-the-spot classes show Fair visitors how 
to code and operate the computer for in- 
dividual problems. Manufactured by the 
Bendix Computer Division, 5630 Arbor 
Vitae St., Los Angeles, Calif., the G-15 
is a middle-range, low-priced digital com- 
puter. 


High-Voltage Test Equipment Purchases. 
In order to speed detection and location 
of incipient or existing faults in the maze 
of cables underlying the streets of the 
city, the Consolidated Edison Company 
of New York, Inc., has purchased over 
$100,000 worth of high-voltage test equip- 
ment from Beta Electric Division, Soren- 
sen & Company, Inc., 333 E. 103rd St., 
New York 29, N.Y. Included in the pur- 
chase contract are a mobile cable test set 
and four combination leakage testers and 
fault reducers. The mobile cable test set 
is mounted in a truck, so that it can be 
sent anywhere in the city to test newly 
installed cables or to check on existing in- 
siallations as part of the company’s broad 
preventive maintenance program. 


New Electronics Firm. Formation of Trolex 


Corporation, with production facilities 
and offices at 4822 Warren Ave., Hillside, 
ll., has been announced. The company 
initially will manufacture a wafer switch 
for use in television, radio, and laboratory 
instruments, and will make control 
switching devices for electric ranges and 
air conditioning equipment. 


NOTES 


Predicta. A separate screen television, de- 
veloped by Philco Corporation, Philadel- 
phia, Pa., brings a new horizon to home 
entertainment. Called the Predicta, this 
new kind of television features the revolu- 
tionary S-F (Special Form) picture tube 
and a completely redesigned chassis, each 
as a separate unit. Basically, a picture 
tube consists of three sections, the small 
neck at the back, a big funnel, and the 
face. The neck holds all the important 
components that make the picture. Since 
every part interacts with every other part, 
one cannot be changed without changing 
them all. Philco engineers redesigned the 
cathode and made it flat, with the result 
that it was shorter and also easier to heat. 
With a flat cathode, a little less length in 


the neck was needed. New design of air 
space in the neck and a new treatment of 
certain connecting prongs allowed an- 
other fraction of an inch to be chopped 
off. The lens system was shortened. The 
circular coil which deflects the electrons 
in order to form a picture and center it 
on the screen is called the deflection yoke. 
An ingenious new shielding was built into 
this yoke to make it more compact and 
efficient. As a result the S-F picture is one 
of the shortest picture tubes yet de- 
veloped. 


Seattle Panelboard Assembly Facility. 
Federal Pacific Electric Company has 
established a panelboard assembly plant 
at 1415 Elliot Ave., in Seattle, Wash. 
The plant will be capable of delivering 
standard lighting and power panelboards 
to industrial, commercial, and utility cus- 
tomers on a 24- to 72-hour shipment basis. 
It will service the states of Washington, 
Oregon, Idaho, and Montana. 


Wire-Wrap. A new machine that will au- 
tomatically wire of electronic 
computers has been shipped by Gardner- 
Denver Company, Keller Tool Division, 
Grand Haven, Mich., to the Hughes Air- 
craft Co., Santa Monica, Calif. The $40,- 
000 “Wire-Wrap” machine with electronic 
controls will be used for automatically 
wiring an airborne communications sys- 
tem known as “Lost Chord” for the 
Wright Air Development Center. The 
special unit that can be modified for other 
applications was produced by the Wire- 
Wrap Division of Gardner-Denver. 


(Continued from page 46A) 
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EASY INSTALLATION. Bolt heads fall naturally into locking lugs on 
connector walis, making installation fast and sure with one wrench. 


...assured with Delta-Star 
heavier-duty aluminum connectors 


Delta-Star offers you a complete line 
of NEMA-standard aluminum con- 
ductor connectors. Their generous 
overall proportions and their con- 
tact surfaces which precisely match 
those of the conductors help assure 
maximum contact area and mini- 
mum contact resistance. Heavy 
cast-aluminum walls throughout 
make these Delta-Star Connectors 


rugged and immune to distortion 
under the most rigorous service. 


Delta-Star Connectors are supplied 
in types and sizes to meet all re- 
quirements. 


For complete information, write 
Dept. 25C, Delta-Star Electric Division, 
H. K. Porter Company, inc., 2437 
Fulton Street, Chicago 12, Illinois. 
District offices in principal cities. 


H.K. PORTER COMPANY. INC. 


DELTA-STAR ELECTRIC DIVISION 


Connors Steel, Deita-Star Electric, Disston, Forge & Fittings, Leschen Wire Rope, Quaker Rubber, 
Refractories, Riverside-Alloy Metal, Vulcan-Kidd Steel, H. K. Porter Company (Canada) Ltd. 


For more information circle 33 on reader service card. 45A 





MINIATURIZED 
CARRIER TELEPHONE SYSTEMS 
FOR RADIO AND 4-WIRE CABLE 


FOUR OR 24 CHANNELS 


Two miniaturized voice-multiplex systems providing 
four or 24 voice channels over radio or 4-wire cable 
are available. They have many advantages over earlier 
designs: high performance, small size, light weight, low 


Industrial Notes 


(Continued from page 444A) 


Sky-Chief Parabolic Antennas. The Gen- 
eral Bronze Corporation, Garden City, 
lt. L., N. Y., has announced the develop- 
ment of two new antenna designs which 
will be designated as their “Sky-Chief 60” 
and “Sky-Chief 90” paraboloid reflectors. 


cost, circuit simplicity, low power requirements, small 
number of tubes of a single type only, low operating 
cost, low maintenance and high reliability. 

These systems provide a voice-channel flat within 1 db 
from 300 to 3500 cycles, for each 4 ke of bandwidth 
occupied. Each channel is equipped with hybrid, signal- 
ling, and dialling circuits for all the standard 2-wire and 
4-wire loop options. 

The basic unit provides an order-wire and 4 carrier- 
derived channels. These units can be stacked in groups 
of 2, 3, 4 or 5 by means of a group modem to provide 
9, 14, 19 or 24 channels. Full flexibility is provided for 
dropping and inserting channel groups at repeater and 
terminal points. Moderate lengths of 4-wire cable or 
open-wire line may be inserted between the multiplex 
equipment and the radio terminals. 


~ 


The 60-foot diameter antenna has one of 
the highest survival specifications. A sur- 
vival point of 150-mph wind loading or 
120-mph winds with 3 inches of ice, is 
claimed for this unit. 


op <2 


“8 


Gulton Subsidiary Enters Computer Field. 
A new Digital Devices Department that 
will apply semiconductor techniques to 
data acquisition and reduction in analog 
and digital systems has been established. 
The department has been assigned to the 
CG Electronics Corp., 15000 Central, East, 
Albuquerque, N.M., a wholly owned sub- 
sidiary of Gulton Industries, Inc. 


24-channel carrier-telephone terminal complete with hybrids, 
ringing and dialling circuits, and test facilities. Dimensions are 
58”’ high, 16"’ wide and 8’ deep. Power input 250 watts. Weight 
326 Ibs. 


RADIO ENGINEERING 


1080 UNIVERSITY ST., 


TELEPHONE 
UNiversity 6-6€887 


PRODUCTS 
MONTREAL 3, 


CANADA 


CABLES 


RADENPRO, MONTREAL Master Clock and Programmer. A master 


clock and program system for use in com- 
mercial, industrial, and public buildings 
has been introduced. The clock system 
includes a master clock, which usually 
is mounted in the office of a school prin- 
cipal or building engineer, and any num- 
ber of secondary clocks located through- 
out the building. Also included is a pro- 
grammer that breaks an electrical circuit 
at specified intervals to sound a bell, stop 
or start heating and air conditioning 
equipment, or turn lights on and off at 
certain times. A unique feature of the 
programmer is that its sequence can be 
changed by hand without specialized tools 
or a call to a professional serviceman. De- 
tailed information on the master clock 
and programmer, which can be purchased 
as separate units, is available by writ- 
ing Minneapolis-Honeywell Regulator Co., 
Commercial Division, 2747 Fourth Ave., 
South, Minneapolis, Minn. 


A Circle 34 on the card. V Circle 35 on the card. 
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...When specs call for the “strong 
silent type”’ of transformer, that’s the 
time to call for MARCUS. The new MTC 
Type “‘W” transformer guarantees DB 
LEVELS THAT ARE BELOW NEMA 
STANDARDS. So for those extra quiet 
installations, Specify MARCUS---- 
Proven quieter by independent 


laboratory test. 


MARCU. TRANSFORMER CO., Inc. 


RAHWAY,NEW JERSEY 


“Mark of Quality” Representatives in Principal Cities 


A COMPLETE LINE OF DRY-TYPE AND LIQUID-FILLED TRANSFORMERS FROM 1 THROUGH 5000 KVA. 


Tracerlab. A service, designed to up-date 
company equipment now in use by in- 
corporating the latest improvements and 
modifications is announced. Utilizing the 
advanced design and _ stability of their 
instrument line, the company is transform- 
ing instruments in current use into equiv- 
alents of the very latest in radiation re- 
search equipment. The service combines 
complete tracing and testing of circuitry 
and all mechanical components as well as 
complete overhaul and modernization of 
the physical appearance of the units. Fur- 
ther details of this unique program are 
available from Dept. KL, Tracerlab, Inc., 
1601 Trapelo Rd., Waltham 54, Mass. 


e LOWER SOUND LEVELS 
e LOWER WEIGHTS 
e LOWER INSTALLATION COSTS 
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No. 8 in a series 


Right off the CL/22e__ 


About half of this country has 
been converted to dial telephones 
and it is expected that within 
five or ten years, it will be pos- 
sible to dial Europe or the 
Hawaiian Islands. 


& 


Two new developments in “fiber 
optics” (the use of glass or 
plastic fibers to transmit light 
around curves) are in the ex- 
amination of the inside of the 
human body and in cryptog- 
raphy. 
& 


A new plastic reinforced with 
silica withstands high tempera- 
ture better than steel. 


& 


A new technique in the use of 
radar antennas which involves 
sweeping the beam will give 
them a range of 3,000 miles 
without increasing their size. 

& 
Simplex researchers, D.. W. 
Kitchin and O. S. Pratt, have 
developed techniques for taking 
photomicrograph movies of poly- 
ethylene insulation failures 
caused by excessively-high volt- 
ages. 

& 


A thermo-electric engine, based 
on the temperature differential 
between dissimilar metal plates, 
converts atomic energy directly 
into electricity with a thermal 
efficiency of twelve per cent. 


& 


A new machine uses the light 
from atoms of mercury to con- 
trol the engraving of lines on 
diffraction gratings which must 
be less than a wave length of 
light apart. Accuracy is closer 
than one-millionth of an inch. 


& 


The strength of cast iron and re- 
sistance to high temperature are 
combined witi good electrical re- 
sistance in a new ceramic. 


By using a clock based on the 
vibration of an atom of cesium, 
it has been found that the length 
of our day has been increasing 
half a thousandth of a second 


per year. 
& 


A new television picture tube 
has a front of double glass with 
mineral oil between. This in- 
creases light transmission by re- 
ducing. reflection. 

& 
A two-volt booster battery is 
made to supplement a regular 
automobile battery. It is used 
only in starting. 

& 
Simplex ANHYDREX XX in- 
sulation has greater resistance 
to deterioration at elevated op- 
erating temperatures than any 
natural rubber of GR-S heat re- 
sisting insulation. 

& 
A ramjet power plant for per- 
manent earth satellites has been 
designed which would obtain its 
power from the re-combination 
of oxygen atoms that have been 
divided by cosmic radiation in 
the higher altitudes. 

cS 
Further information on these 
news items and on Simplex 
cable is available from any 
Simplex office. Please be 
specific in your requests. 

&9 
An electron tube the size of a 
shirt button is made of layers of 
titanium and ceramic. It makes 
the tube competitive in size 
with the transistor. 

&9 
An instrument for detecting ra- 
diation is said to be so sensitive 
that it can detect a thousandth 
of a gram of chromium 51 dis- 
solved in a river. 
A patent has been issued for a 
television set that shows two 
programs superimposed on one 
screen. The images are separated 
by polarizing glasses and indi- 
vidual earphones reproduce the 
sound. 


‘** The American manufacturers of transoceanic telephone cables’ 
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A treatment for metal bearings is 
claimed to make it possible to 
run them indefinitely without 
lubrication. It has also been 
tested on power press tools. 


fe 
we 


A three-dimensional cathode-ray 
tube gives a display with a depth 
of one mile. 


& 


A steel roller for a new paper mill 
is said to be the largest in the 
world. It is over twenty-six feet 
long and is forty-four inches in 
diameter. 


Submarine cables for 
railroad use! 


Submarine cable is required by the 
New Haven R.R. for the power and 
control of 24 movable spans at 14 rail- 
road bridges. Old style steel armored 
cable suffered the ravages of salt cor- 
rosion, strong currents and constant 
flexing, all of which resulted in high 


maintenance. Replacements, as 


quired, are made with new Simplex 
submarine cable, jacketed in fabric- 

a product of 
a remedy for de- 
layed service and high maintenance 


reinforced neoprene 
Simplex research 


costs. 


SIMPLEX WIRE & CABLE CO. 


Cambridge, Massachusetts and 
Newington, New Hampshire 


For more information circle 36 on reader service card. 





R&lE OUTDOOR DISCONNECTING SWITCHES 


EASY TEST FOR 


Look for these design features... they explain why 



































Look for rounded contours on all parts and liberal 
spacing between parts having relative motion. R&IE 
switches, designed this way, can be actuated under severe 
icing conditions with surprising ease. Other switches, with 
complicated or closely packed mechanisms, are generally 
handicapped by relatively thin ice coatings, locked by 
heavier ones. 





1 Look for heavy copper jaw fingers —silver-to- 
copper contacts. Thus constructed, R&IE switches show 
no evidence of overheating when tested well above their 
short-time current ratings. R&IE avoids the use of thin 
stamped jaws, which lack thermal capacity, often burn or 
erode under overload or fault currents . . . requiring more 
frequent maintenance. 


Compare R&IE switches, point by point, with others. Discover the extra 
assurances of better performance, which you get at no extra cost. Available 
in ratings from 7.5 to 345 kv and from 400 to 6000 amp. For complete 
information, ask your nearby I-T-E sales office for a copy of Bulletin 
1342-A. Or write R&IE Equipment Division, Greensburg, Pa. In Canada: 
Eastern Power Devices Ltd., Port Credit, Ont. 
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BETTER SWITCH DESIGN 


you can expect better performance from R&lE switches 


2 took for sealed hinge-end contacts. R&IE 
switches have weather-sealed contacts at the hinge end for 
continuous low-resistance current transfer. Exposed 
hinge-end contacts are vulnerable to ice locking and, when 
corroded, lower short circuit capacity. Look also for only 
nonferrous exposed live switch parts ... an R&IE feature 
which assures long switch life. 


3 look for a sealed, greaseless switch bearing. 
This part transmits turning force from the operating crank 
to the switch actuating mechanism. The R&IE switch 
bearing, sealed against moisture and foreign matter, is not 
affected by low temperature and requires no lubrication. 
Unsealed bearings are subject to fouling by ice and dirt, 
making switch actuation difficult or impossible. 


I-T-E CIRCUIT BREAKER COMPANY 
R &1E EQUIPMENT DIVISION - GREENSBURG, PA. 


Aucust 1958 
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Fabricated Structural Steel and Fabricated Reinforcing Steel for 
Bridges, Commercial and Industrial Buildings: Schools, Hospitals, 
Power Plants, Coal Washing Plants. 


Galvanized Structural Steel for Electrical Transmission Towers and 
Substations. 


Carbon Steel Warehouse Products: Structural and Bar Shapes, 
Plates, Hot and Cold Finished -Bars, Construction Products. 


Pressure Vessels fabricated to the ASME Code from Carbon, Alloy, 
and Alloy Clad Steels for the Chemical and Petroleum Processing 
Industries. 


At Flint, four distinct divisions, 


[FABRICATED PLATE | 
[TOWER and SUBSTATION | 
|STRUCTURAL and REINFORCING 
STEEL WAREHOUSE | 


are inter-related and singly managed. 


for over 40 years 


FLINT STEEL CORPORATION 
TULSA... MEMPHIS 


Structural steel can now be delivered 
promptly and when required. 


For more information circle 38 on reader service card. 





Industrial Notes 
(Continued from page 46A) 


New Radio Beam System. Telegraph fa- 
cilities for the midwest area were greatly 
increased by The Western Union Tele- 
graph Company, 60 Hudson St., New York 
13, N.Y., when a 557-mile microwave 
radio beam system was placed in opera- 
tion between Pittsburgh, Pa., Cincinnati, 
Ohio, and Chicago, Ill. The new beam 
system will provide additional channels 
for use in telegraph service, and will en- 
able the telegraph company to keep pace 
with the rapid growth of its private wire 
and facsimile systems leased to industry, 
the armed services, and government. 


K-Slab. A new type of cast aluminum bar 
developed by Kaiser Aluminum & Chem- 
ical Corporation, Kaiser Bldg., 1924 
Broadway, Oakland 12, Calif., is being 
used as bus bar at the new reduction plant 
in Ravenswood, W. Va. The company in- 
stalled 3 million pounds of the new alu- 
minum bar, called K-Slab, for cathode 
and anode bus bar on the first two pot- 
lines at the Ravenswood plant, with sub- 
stantial savings resulting. In addition, the 
company has also installed 1.5 million 
pounds of K-Slab_as potline conductor on 
the new ninth potline at Kaiser Alumi- 
num’s Chalmette, La., reduction plant. 


Scientific Lighting Design. Much of the 
guesswork has been taken out of lighting 
design, thanks to the lighting engineers at 
Smoot-Holman Company, 321 N. Eucalyp- 
tus Ave., Inglewood 3, Calif., who have 
built a luminous analogue computer that 
makes lighting calculation a matter of 
exact science. This new machine deter- 
mines exactly how light is distributed 
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within a room by setting up electrically 
inside the computer the same lighting 
conditions as those in the room. By doing 
this the computer is able to make calcu- 
lations that determine the _ brightnesses 
and amount of light within the room. 


Pocket-Size Police Aide. A pocket-size two- 
way radio system developed by the Radio 
Corporation of America, 30 Rockefeller 
Plaza, New York 20, N.Y., soon will be 
aiding New York City policemen in their 
fight against crime in the city’s sprawling 
34,000-acre park system. The unit, which 
can be carried in the pocket or clipped 
to the belt, is said to have a range of up 
to 2 miles in communication with mobile 
units and even longer with fixed stations. 
It will enable the wearer to summon help 
from any spot on his beat, Return instruc- 
tions will come from a transmitter being 
erected in Central Park at 79th Street. 
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G-E RTV is an easily applied potting and encapsulating material. Tough, heat-resistant, resilient, it doesnot shrink or form voids during cure. 


New RTV silicone rubber from G.E. 


CURES WITHOUT HEAT « LOW VISCOSITY « SOLVENT-FREE « NO VOIDS OR SHRINKAGE 


CURES WITHOUT HEAT G.E.’s RTV (room tempera- 
ture vulcanizing) silicone rubber cures at room 
temperature in any time you select up to 48 hours. 
It comes in a wider viscosity range than any similar 
compound—from 250 poises (pourable) to 15,000 
poises (spreadable). Easily applied by pouring, 
dipping, spreading or with a pressure gun. 


WON’T SHRINK, VOID-FREE RTV compounds are 
100% solids (no solvents). They cure without 
shrinkage; form no voids; provide resilient, shock- 
absorbent protection against physical damage or 
moist and cerrosive atmospheres. Tensile and tear 
strength exceed those of previously available mate- 
rials and are retained after prolonged heat aging. 


RESISTS HEAT ABOVE 300°C General Electric RTV 


silicone rubber keeps its high dielectric strength 
at temperatures above 300°C. It has the well-known 
properties of silicone rubber, such as ability to with- 
stand moisture, weathering, ozone, corona, oxidation 
and exposure to fuels and solvents. 


IDEAL FOR POTTING AND ENCAPSULATING General 
Electric RTV compounds flow easily into and around 
complex shapes. They are ideal for potting and en- 
capsulating. Other uses include caulking and seal- 
ing in hard-to-reach places, performing “on-the-spot” 
rubber repairs, model making and molding in low- 
cost plastic tooling. 


For complete application data, check Reader Service 
Card. If you'd like a sample for evaluation, drop us 
a note telling us about your proposed application. 


GENERAL @@ ELECTRIC 


Silicone Products Dept. 


Waterford, N. Y. 


For more information circle 39 on reader service card. 
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ON SEMICONDUCTOR FRONTIERS 


VOU elimi) beat the heat’ at 200°C 





ELECTRONIC ENGINEERS at TI are beating the semiconductor heat 

barrier with devices that will operate at 200 degrees centigrade and 

— higher — twice the boiling point of water! Working closely with 
3 other scientists on the TI team, they continually explore new fields 
- * ' in electronics. Under the hot glare of infrared light which simulates 

ELECTRONIC ENGINEERS extreme operating conditions, the engineer shown above is testing 
the newest TI silicon power transistor operating in conjunction 

with the totally new Sensistor temperature-sensing silicon resistor. 


On this frontier, there is plenty of room for electronic engineers, 
- Se = physical chemists, solid state physicists, and others to build Amer- 
ica's electronic future. If you are interested in joining other leading 
engineers and scientists at the industry’s most modern research, 
development and production facilities — write or call for more 
information on 28-year-old Texas Instruments, recognized leader of 
the semiconductor industry. You will discover up-to-date supple- 
mental benefits — profit sharing, insurance, retirement programs, 
and company-sponsored educational assistance. 


PC 






Semiconductors and Other Components — Transistors, diodes, rectifiers, 
capacitors, resistors, transistor circuit applications, test equipment, 
mechanization. Write Harry Laur. 





Electronic and Electromechanical Apparatus — Radar, sonar, infrared, optics, 


PHYSICAL CHEMISTS 


ca ; navigation, magnetics, telemetering, communications, computers, 

> co iy ; transformers. Write R. E. Houston. 
¥ 7 Research and Manufacturing — PhD level for research, development and 
"*» applications: solid state device technology, ferromagnetics, infra- 





red, microwave, magnetics, digital computers, radar, sonar, tele- 
metering, etc. Engineers for production, planning, purchasing, cost 
analysis, etc. Write A. E. Prescott. 


SOLID STATE PHYSICISTS 


“™ |EXAS INSTRUMENTS 


INCORPORATED 
® 6000 LEMMON AVENUE «+ DALLAS 9, TEXAS 





USED ON THE NEW BOEING B-52 JET BOMBER 


New MS Miniature Plug 


WITH SOLDERLESS SNAP-IN CONTACTS 


Cuts Wiring Assembly Time 
as much as 807, 


CANNON KM SERIES 
FIRST TO MEET MIL-C-25955 


~ 


THE PROBLEM - To design a miniature 
environmental-resistant connector, suit- 
able for use on present and future aircraft, 
missiles and equipment, in accordance with 
military requirements. Dependability with 
simplicity to facilitate assembly, installation 
and field service were vitally important. 


THE SOLUTION —Crimp-type solderless 
contacts, with wire insulation support, are 
used in the new KM. They can be easily 
snapped into place, or removed as neces- 
sary. Individual contacts can be serviced 
one at a time, without removing others. A 
specially designed moisture-sealing grom- 
met replaces potting. Closed entry, 
machined socket contacts are probe-proof. 
All materials are of finest obtainable qual- 
ity. Shells and related parts are of aluminum 
alloy, cadmium plated. Contacts are plated 


(USAF) SPECIFICATIONS 


with gold over a heavy silver undercoat. 


These features combine to provide a plug 
of optimum reliability that can be 
assembled and installed with utmost speed 
and be easily serviced in the field. 


The new KM mates with the Cannon KO 
Plug Series, and is available in a wide 
variety of shell sizes, styles and insert lay- 
outs. Hermetically sealed receptacles also 
available. For complete information write 
for Catalog KM-1. 


Come to Cannon for all plug needs 
— 27.000 kinds to choose from. If we do 
not have what you want we'll make it for 
you. The largest facilities in the world for 
plug research, development and manufac- 
turing are at your service. Write us today 
about your problem. Refer to Dept. | 17 


CANNON ELECTRIC COMPANY °+ 3208 Humboldt Street, Los Angeles 31, California 
Where Reliability for your Preduct is Our Constant Goal. 


Factories in Los An 


es; Salem, Mass.; Toronto; London; Meibourne; Paris; Tokyo. Representatives 


and distributors in all principal cities. Please see your Telephone Yellow Book or write factory. 


: ~ 
) UNIT PLUG-IN ~ INDUSTRIAL 
3 


MADE BY THE WORLD’S LARGEST MANUFACTURER OF PLUGS AND CONNECTORS FOR ALL INDUSTRIES 
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BP professional Engineering Directory 


Professional Engineering Directory Card 1” or 2” 12 times $160.00 





BLACK & VEATCH 


Consulting Engineers 


Electricity—Water—Sewage—Industry 
Reports, Design. Supervision of 
Construction. Investigations, Valuation 

and Rates 


1500 Meadow Lake Parkway 
Kansas City 14, Missouri 








ELECTRICAL TESTING 
LABORATORIES, INC. 
2 East End Avenue, New York 21, W. Y. 


Electrical, Electronic, Environmental, 


Photometric and Chemical Laboratories 


Testing, Research, inspection and Certification 








TRANSISTOR ENGINEERING 
S. Moskowitz D.D. Grieg N. J. Gottfried 
Product Transistorization. Complete Serv- 
ice in consulting. research, development 


and production on transistor circuitry. 
products and instruments. 


Electronic Research Associates, Inc. 


67 East Center Street. Nutley, N.J. 
NUtley 2-5410 








JACKSON & MORELAND, INC. 


Engineers and Consultants 


Design and Supervision of Construction 


Reports—Examinations—Appraisals 
Machine Design—Technical Publications 
BOSTON NEW YORK 





Consult 
Z. H. POLACHEK 
Registered Patent Attorney 


1234 BROADWAY 
(At lst St.) 


New York 1, N.Y. 


PHONE 
LO. 5-3088 








THE KULJIAN CORPORATION 


Engineers ¢ Constructors * Consultants 


POWER PLANT SPECIALISTS 
(Steam, Hydro, Diesel) 
Utility Industrial ¢ Chemical 
1200 NO. BROAD ST., PHILA. 21, PA. 











CONSULT THIS 
DIRECTORY 


when in need of specialized 


engineering service 











SANDERSON & PORTER 
CONSTRUCTION 


REPORTS 


New York 


SURVEYS 
New York 








SARGENT & LUNDY 
ENGINEERS 


140 South Dearborn Street 
CHICAGO, ILLINOIS 














ELLMANN ENGINEERING CO. 


Designer and Manufacturer of Electrical 
Signals and Fire Alarm Systems. 


P.O. Box 3627 
Washington 7, D.C. 











HIGHLAND ENGINEERING CO. 
William R. Spittal & Staff 


Design, Development and Manufacture 
of Transformers, Chokes, Etc. 


or the 
Electronics, Industrial and Allied Fields 


90 Magnolia St., Westbury, L.L., N.Y. 
EDgewood 3-2933 





PETER F. LOFTUS CORPORATION 


Design and Consulting Engineers 
Electrical © Mechanical 
Structural © Civil 
. 


Architect 1 
Ar 


% 


D. 
Bisneo ? 


FIRST NATIONAL BANK BUILDING 
Pittsburgh 22, Pennsylvania 











MEASUREMENTS 
A McGraw-Edison Div. 


RESEARCH & MANUFACTURING 
ENGINEERS 
Specialist in the Design and 
evelopment of 
Electronic Test Instruments 
Boonton, N.J. 








SLAUGHTER COMPANY 


MANUFACTURERS OF TEST EQUIPMENT 
HIGH VOLTAGE INSULATION TESTERS 
POWER SUPPLIES STROBOSCOPES 

SPECIAL TEST EQUIPMENT FOR 
ENGINEERING AND PRODUCTION 


PIQUA 8, OHIO 

















INTERNATIONAL 
ENGINEERING COMPANY. INC. 


Engineers 
Investigations—Reports—Design 
Procurement—Field Engineering 

Domestic and Foreign 
74 New Montgomery St., 
San Francisco 5, Calif. 











MINER and MINER 
Consulting Engineers 
Incorporated 


Greeley Colorado 











F. C. TORKELSON CO. 
ENGINEERS 
Industrial Plant Design 


Process Development 
Economic Studies 


Estimates 
Plant Layout 
146 South West Temple 
SALT LAKE CITY 1, UTAH 








The J. G. WHITE 
Engineering Corporation 


Design—Construction—Reports— 
Appraisals 


80 Broad Street NEW YORK 
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VOTOR-RUN 
CAPACITORS 


for air-conditioning, refrigerators, motors, heat pumps, 


specialty transformers, voltage regulators, controls, 


and general purpose a-c applications 


CLORINOL Capacitors are designed to save both 
CLORINOL* Capacitors space and weight and to help reduce costs in many 
typical a-c applications. Their drawn seamless steel 
cases make them extra sturdy, extra compact. They’re 
made to resist corrosion . . . to take hard knocks and 
bangs . . . to withstand gruelling duty cycles. Double- 
rolled edges of the cover closure eliminate ‘‘pop-outs’’. 
The unique welded terminal assembly forms a depend- 
able leakproof seal. The impregnant is a non-flammable 
synthetic liquid of high dielectric strength. Dual-blade 
universal terminals fit both popular types of female 
quick-connectors. Available in all the popular ratings 
and in three case styles—oval, rectangular, and 
cylindrical. Request Engineering Bulletins No. 4500 
(general data), 4510 (oval), 4520 (rectangular), and 
4530 (cylindrical). 


KOOL-PAK Capacitor Assemblies provide complete 
motor-start and motor-run capacitance in one, easily 
installed unit that’s perfectly matched to your require- 
ments. The capacitors in each assemblyare completely 
exposed for cooler operation. The internal heat is 
dissipated quickly by conduction and convection. 
These cooler-running capacitors last from two to 
three times longer than those that are stuffed into con- 
ventional box packages. KOOL-PAK assemblies cost 
you less because there’s no outer box, no special leads 
or terminals to buy for interconnecting multiple ca- 
pacitors. All units are finished to pass Article 207 of 
Underwriter Laboratories’, Inc . requirements for air 
conditioners. Request Engineering Bulletin No. 4900A.. 


*Trademark 


Sprague—the world’s largest manufacturer of capacitors— 


has a complete line of motor-starting and motor-running ® 
capacitors, Write for Engineering Bulletins and application D R Q G UJ ke 
assistance. Address request to Technical Literature Section, 


Sprague Electric Co., 321 Marshall Street, North Adams, Mass. 
the mark of reliabiliiy 


SPRAGUE COMPONENTS: 
CAPACITORS + RESISTORS * MAGNETIC COMPONENTS «+ TRANSISTORS ¢ INTERFERENCE" 
FILTERS «+ PULSE NETWORKS «+ HIGH TEMPERATURE MAGNET WIRE ¢ PRINTED CIRCUITS) 
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Whether you need 


SILICON RECTIFIERS 
rated at 500 mils 


...Of 10 amps 


, 
E 


... Of 200 amps 


...or tube 
replacements 


"Karz iam 


Silicon Rectifiers cover the complete 
range. Write for complete information 
or send an outline of your requirements. 


We'll see you at the Wescon—Booth 1326 


SARKES TARZIAN, INC. 
RECTIFIER DIVISION 


DEPT. E-4, 415 N. COLLEGE AVENUE, BLOOMINGTON, INDIANA 


tn Canada: 700 Weston Road, Toronto 9, Telephone Rogers 2-7535 Export: Ad Auriema, inc., New York City 
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TRADE LITERATURE 


Altitude Pressure Table. Engineers work- 
ing in the fields of high altitude and low 
pressure will find useful a wallet-size milli- 
meters of mercury table giving the equiva- 
lent pressures for the range of altitudes 
from sea level to 2 million feet. Copies of 
the Altitude Pressure Table, which is 
based on the Air Research Development 
Center Model Atmosphere of 1956, will be 
sent free on request to the Vacuum Equip- 
ment Division, F. J. Stokes Corporation, 
5500 Tabor Rd., Philadelphia 20, Pa. 


Aerosciences Booklet. Applied research in 
space technology, plasma dynamics, and 
hypersonics is described in a free 16-page 
booklet, available by writing to Missile and 
Ordnance Systems Department, Room 5A, 
General Electric Company, 3198 Chestnut 
St., Philadelphia 4, Pa. 


Bulletin on Photoelectric Cells. The com- 
plete line of self-generating photoelectric 
cells manufactured by Vickers Incorpo- 
rated, Electric Products Division, is de- 
scribed in a new 12-page bulletin recently 
published by the company. Encompassing 
a wide range of shapes and sizes, Vickers 
photcelectric cells are the self-generating 
barrier layer type, consisting of a metal 
base with coating of selenium and other 
metals. A copy of Bulletin EPD 3216-1 is 
available from Vickers Incorporated, Elec- 
tric Products Division, 1815 Locust St., St. 
Louis 3, Mo. 


Ultrasonic Delay Lines Booklet. A 4-page 
data bulletin outlining performance char- 
acteristics and design considerations for 
ultrasonic delay lines is available. Subjects 
covered are: delay medium material, trans- 
ducers, bonding medium, casing, and pack- 
aging. Three pages are devoted to the per- 
formance characteristics of five different 
ultrasonic delay lines. Request Bulletin 
No. 510 from the Bliley Electric Company, 
Union Station Bldg., Erie, Pa. 


Electrical Connector Soldering Booklet. 
A 10-page report that gives a step-by-step 
procedure for the soldering of miniature 
electrical connectors is available. Entitled 
“Electrical Connector Soldering Tech- 
niques,” copies can be obtained by con- 
tacting The Deutsch Company, 7000 
Avalon Blvd., Los Angeles 3, Calif. 


Tape-Wound Core Bulletin. The develop- 
ment of a wide-line of tape-wound cores 
of Supermendur has been announced by 
the Arnold Engineering Company, P.O. 
Box G, Marengo, Ill. In the field of circuit 
miniaturization and_ simplification the 
unique characteristics of this new rectan- 
gular-loop material in the range of induc- 
tion from 16 to 22 kilogausses permit im- 
portant weight and size reduction of 
toroidal transformers and magnetic ampli- 
fiers. Bulletin TC-113A contains essential 
information on Supermendur tape-wound 
cores and covers the physical and magnetic 
properties of the cores as well as the sizes 
available. 


(Continued on page 64A) 
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From Westinghouse Research . .. 


NEW TAUT BAND SUSPENSION 


One of the most important instrument developments of the century! 


A tough metal band about one-tenth the thickness of a 

human hair is the heart of the amazing Taut Band Sus- 

pension system developed by Westinghouse Instrument 

Engineers. 

e Eliminates all pivot and bearing friction with instru- 
ments mounted in any position. 

e Accuracy unaffected by severe vibration and shock. 

e Eliminates maintenance from damaged pivots and 
bearings. 

e Increases sensitivity. 

Try them and compare. 

Call your Westinghouse sales engineer today for complete 

details about the superior features of Taut Band Suspen- 


sion, or write Westinghouse Electric Corp., P. O. Box 868, 
Pittsburgh 30, Pennsylvania. J-40519 


J 


you Can BE SURE...1F IT's Westi nghouse Swi 
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Steel Mill and Foundry “hot spots” provide one of in- 
dustry's worst torture chambers for wire and cable. Heat, 
overloads and corrosive fumes combine to kill ordinary 
cable quickly. 

Don't take a chance on ordinary cable for troublesome 
“hot spot” applications. Specify and use Rockbestos A.V.C. 

This superior AVA cable, with asbestos, varnished cambric 
insulation, takes temperatures up to 230°F, assuring con- 
tinuous operation in hot spot applications, provides greater 
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current carrying capacity for increased and new loads. 
When you specify and buy Rockbestos A.V.C., you reduce 
your electrical maintenance and construction costs... you 
get years more dependable service. 
Write now for the new Rockbestos RSS-88 to help you 
specify and buy Rockbestos A.V.C. 


ROCKBESTOS PRODUCTS CORPORATION 
NEW HAVEN 4, CONNECTICUT 


NEW YORK « CLEVELAND « DETROIT « CHICAGO + OAKLAND 
PITTSBURGH « ST. LOUIS *« LOS ANGELES « SEATTLE « ATLANTA * DALLAS 
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Translations of USSR Scientific and 
Engineering Journals Available to AIEE Members 














Journals List Price 


(1) “Elektrischestvo” 
Electric Technology USSR (quarterly) $56 per year 


(2) “Radiotekhnika i Elektronika”’ 
Radio Engineering and Electronics, 
USSR (monthly) $45 per year* 


(3) “Radiotekhnika” 
Radio Engineering, USSR (monthly) $30 per year* 


(4) “Elektrosviaz”’ 
Telecommunications, USSR (monthly) $30 per year* 


* 





Subscriptions on basis of calendar year of original Russian publications. 
* 50% discount to AIEE Members and members of such other organizations as may be arranged. 


Libraries, research laboratories, government Members only send subscriptions and remit- 
departments and companies send orders to: tance to: 


Pergamon Institute N. S. Hibshman, Secretary 
122 East 55th Street, New York 22, N. Y. American Institute of Electrical Engineers 
4 & 5 Fitzroy Square, London W.1 33 West 39th Street, New York 18, N. Y. 


The Pergamon Institute, a nonprofit foundation, will translate also any Russian article listed by title at a nominal charge. 
Inquiries on single articles should be sent directly to the Pergamon Institute. 





SAMPLE CONTENTS, ELECTRIC TECHNOLOGY— 
NO. 1, 1958 


Chupyatov I.N., Baiko V.F. Double-commutator rotary amplifier. Meerovich E.A., Red’kin V.K. Partial capacitances of an electrode system 

Pul’er lu.M. Sine-cosine rotary transformer selsyns without contacts. and individual fluxes of the resultant field. 

Markov N.A. On the theory of the electric circuit for a three-phase 
thermal ore furnace. 10 Sokglov F.F. The heat given off by rectifier piles in large selenium units. 

Kliuchev 1.V. Universal dynamic broking characteristics for an induction Kuchinskii G. S., Litvinova E.L. Dielectric characteristics of paper-oil ca 
motor. 14 pacitor insulation at high oi! pressure. 


Maikoper A.5., Belyakov N.N. Arc-faults on 400 ky lines and means of Ltolov L.I., Kalinkin G.!. Testing micro-machines by the auxiliary motor 
clearing them. 19 method. 

Melnikov N.A., Gershengorn A.N., Sherentsis. On earthing wires of tong Barzam A.B. Some conclusions from test of non-synchronous switching 
transmission lines. 25 of single-circuit transit lines. 


Artem’evy D.E., Shur S$.S. Experimental determination of the Kuibishev- From the History of Electrical Engineering. 
Moscow transmission line constants. 31 


Khonov B.A. The reaction effect factor for a four-terminal network. 


Discussions 
Andreev V.A. Balanced current relay protection for three parallel lines. 39 In other countries 


Rozenblat M.A., Dokhman S.A. Contactless magnet relay for automatic In other engineering journals 
control and sorting of manufactured articles. 45 Current events 


Bruk 1.S., et al. The M-3 small-size universal electronic digital computer. 49 Bibliography 


SAMPLE CONTENTS, ELECTRIC TECHNOLOGY— 
NO. 2, 1958 


Krais, et al. Basic trends in present day transformer design. 1 Prudyanina-Granovskaya, et al. Vylite and thyrite carborundum resistors. 


Zail’ger, et al. On using 220 ky lines with bundle conductors. 6 Inosov, et al. Investigation of the synchronizing process of compound- 
Kostanyan. Fault calculations in systems with open conductors. 13 ona et : a Bsa 
Grek. Dynemicel models for power systems. 19 we, a et a urrent transformer performance at high power outputs. 
Mi ‘ ” 

Morozov, et al. A new circuit for high speed pulse mattis 1 in systems mneyen. ect of nozzle parameters on gir-blast arc quenching. 
with electronic transducers. 22 Greysuca. Safety rules and operating regulations for electrical installations 
Zukernick, et al Controlled phase compounding for synchronous machines - o aien, : 
with voltage correction. 27 Kitaigorodskii, et al. The generator for large magnetostriction transducers. 


Velichko. Induction mixing of a metal in arc furnaces and on industrial From the history of Electrical Engineering. 
test installation. 


Weinberg. On the theory of devices for ns RE ced mixing molten 
metal in are furnaces. . . 40 Current events 


Maslov. Alloy type transistor amplifiers. Bibliography 


Discussion 
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Primary Interrupter Switch 


TRANSFORMERS BUILT ON FRESH IDEAS 


New designs, incorporating latest ideas, insure more 
dependable performance, better looking units 


ELECTRICAL ENGINEERING 
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K-Line Switchgear 


Look what I-T-E gives you now in unit substations: 
transformers designed fresh from the ground up... 
incorporating developments based on the most up-to- 
the-minute transformer technology. 


This fresh approach to transformer design and con- 
struction has produced remarkable new gains in trans- 
former performance: greater dependability, stronger 
construction, more effective use of materials. 


Coils stay put. Double jackscrews in combina- 
tion with tie rods between upper and lower core 
clamps hold coils rigidly in place, even under 
severest short circuit stress. 


Brute strength secondaries. A fresh approach 
to high current secondaries for dry type trans- 
formers is this coil formed from solid copper 
bus. This unique design embodies great struc- 
tural strength, and high conductivity. 


Only I-T-E offers you unit substations completely engi- 
neered and built in a single plant... insuring coordi- 
nated engineering, easier ordering, simultaneous delivery 
of all elements, simpler installation, and a single, 
dependable name in back of them. Write for complete 
details. Switchgear Division, I-T-E Circuit Breaker 
Company, 19th & Hamilton Sts., Philadelphia 30, Pa. In 
Canada: Eastern Power Devices Ltd., Port Credit, Ont. 


I-T-E CIRCUIT BREAKER COMPANY 
PHILADELPHIA, PENNSYLVANIA 
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| HAD THE BOSS UP A POLE... 


“He knew all about the operating advantages of polyethylene coated wire . . . but | took him up 
and showed him why | liked it and why it’s saving the company even more money than he figured.” 


In the past 12 years polyethylene covered line wire and 
cable have chalked up outstanding service records for 
utilities. But some of the best reasons for using poly- 
ethylene coatings don’t turn up in operating statistics 
—they come from the men whose job it is to install and 
maintain the lines . . . Reasons such as these: 


Polyethylene Is Easier to Install 

It’s free stripping, yet has excellent adhesion and will 
not ruffle over cross arms. It’s clean to work with and 
its surface is “slippery” too. Polyethylene coating is 
lighter than other types of covering .. . it handles easier. 


Polyethylene Covered Line Wire Saves Outages 
Polyethylene forms a complete and permanent covering 
over line wire. That means fewer outages from contact 
with trees, wind-blown swinging wires and foreign 
objects. Smaller diameter polyethylene coatings offer 
less wind resistance above ground. Lighter weight can 
be an advantage, too, in ice storms. 

In field servicing . .. in over-all performance and 


service life—polyethylene has proved its superiority in 
wire and cable applications such as these: 
Line wire covering Control cable insulation 


Power cable dielectric and jacket — 
Tree wire covering Communication cable 


: . insulation and sheaths 
GTO | Neon Sign) Cable Corrosion protection for 
Coaxial] Cable 


metal sheaths. 
WD-1 Infantry Field Wire TV Lead Wire 


When you order polyethylene covered wire and cable, 
ask your supplier about the superior weather and stress 
crack resistance of polyethylene made with PETROTHENE® 
polyethylene resins. PETROTHENE quality costs no more. 


USTRIAL CHEMICALS CO. 


Division of National Distillers and Chemical Corp. 
99 Park Ave., New York 16, N. Y. 
Branches in principal cities 


Makers of PETROTHENE Polyethylene Resins 
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ELECTRONICS | 


The Hughes silicon capacitor is a new kind of clevice wht u Some Suggested Applicatios 
impact upon semi ndu sha et > rry > 

Most certai 
eyo ote-control tuning 
for the pacitors, instantaneous 


size ang weic¢ anal seeking’ features can be 


tor 


Non-Mechanical Tuning: Th 


Hughes s yn 


Automatic Frequency Controls: H 
place a reactance tube. Output v 
Our brochure, ‘‘The Hughes Silicon Capacitor," varies volte 

discusses this series and many of its applications oscillator treque 


in detail. For your copy, please write 


Ul 


Dielectric Amplifiers: Operation is based on 
Hughes Products, Semiconductor Division, ulation of a high-frequency carrier source 

International Airport Station, Los Angeles 45, Calif. capacitor, and the subsequent demodul 
the output. 


Also: Pulse Circuits, Frequency Modulation, RC 
WESCON Exhibits booths 1401-2. Modulators, Electror lly Controlled Filters. 


Creating a new world with ELECTRO 





SEMICONDUCTORS 
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CUSTOM ENGINEERED 


RECTIFICATION 


Underwater for three days during a 
recent New England flood,* two Sel- 
Rex Rectifiers operated perfectly af- 
ter a superficial cleaning. Now we don’t 
recommend running Sel-Rex Rectifiers 
underwater—but this incident typifies 
the rugged dependability you get with 
all Sel-Rex Metallic Power Rectifier 
Equipment. 


Send for FREE “GUIDE” to indus- 
trial rectifier equipment. 


© Germanium 
* Silicon 
* Selenium 


*We do make a model for underwater opera- 
tion. 


Rectifier Division 


SEL-REX CORPORATION 


TLEY 10, NEW JERSEY 


Complete Semiconductor Power Conversion Systems for any AC to DC application 


Representatives in Principal Cities 
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GENERAL ATOMIC 


DIVISION OF GENERAL DYNAMICS CORPORATION 


SAN DIEGO, CALIFORNIA 


Has An Immediate Opening For An Experienced 


OR 


PHYSICIST 


to participate in the development of extremely high-current, high-speed switch- 
ing devices. He should have a solid background in electricity and magnetism, 
and in mechanics, as well as proven ability to carry out an experimental devel- 
Opment program. Master’s degree or equivalent in physics or E.E. is required. 
PLEASE SEND RESUME TO: H. H. MC GEATH, PERSONNEL REPRESENTATIVE 


GENERAL ATOMIC DIVISION OF GENERAL DYNAMICS CORPORATION 
P.O. BOX 608, SAN DIEGO 12, CALIFORNIA 





Trade Literature 


(Continued from page 56A) 


Colloidal Graphite. A booklet, “The ABC’s 
of Colloidal Dispersions,” has been issued 
by Acheson Colloids Company, Port 
Huron, Mich., Division of Acheson In- 
dustries, Inc., manufacturers of the dag 
(registered trademark) family of disper- 
sions designed for a wide variety of indus- 
trial uses. The 12-page booklet provides 
the answers to many of the questions fre- 
quently asked about colloids with story, 
drawings, and pictures. The back cover 
lists technical bulletins available from the 
company on the uses of colloidal graphite 
and other materials. 


Simplified Computer Method Bulletin. A 
4-page bulletin describing the unusual 
features of a new programming method is 
available from Bendix Computer Division, 
5630 Arbor Vitae St., Los Angeles, Calif. 
This system, known as Intercom 1,000, has 
been designed for use with the Bendix 
G-15 general purpose digital computer 
and is a major simplification in the proc- 
ess of writing instructions to a computer. 
The system can be learned in a short 
time, with no previous computer experi- 
ence. 


Asbestolux Brochure. Lightweight fireproof 
insulation board, Asbestolux, is the subject 
of a new 12-page brochure recently pub- 
lished. The booklet pictures and describes 
a cross-section of uses for factories, homes, 
offices, schools and farms. It includes illus- 
trations of dozens of existing installations 
in a variety of buildings. The booklet, 
which also explains the properties and 
easy workability of Asbestolux may be 
obtained without obligation through 
North American Asbestos Corporation, 
3210 Board of Trade Building, Chicago 4, 
Ill. 


Microphone Catalog. A 16-page catalog 
has just been issued by American Micro- 
phone Manufacturing Company, a Divi- 
sion of GC-Textron, Inc. The catalog 
describes in detail the company’s full 
product line. Included are microphones 
for tape recording, broadcast, public ad- 
dress, and general purposes, as well as 
handsets, phono cartridges and arms, mo- 
bile equipment, and _ accessories. The 
handsomely designed, 2-color Catalog 58 
is available free from American Micro- 
phone distributors, or by writing direct 
to American Microphone Manufacturing 
Company, 412 South Wyman St., Rock- 
ford, Ill. 


Distribution and Control Equipment 
Booklet. Bulletin S, a 12-page 2-color book- 
let briefly describing its building and in- 
dustrial lines of electrical distribution and 
control equipment, has been issued by 
Federal Pacific Electric Company, 50 Paris 
St., Newark 1, N. J. Copies of the booklet 
can be obtained by writing to the com- 
pany. 


(Continued on page 77A) 
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NEW SPAULDING 33 INSULATION LICKS AN 
OLD PROBLEM IN ELECTRICAL MOTORS 
New Spaulding 33 is a superior electrical insulation for motors 


operating under conditions of high humidity or moisture collection, 
such as fan, air-conditioner or “splash proof” installations. 


Special Properties: Spaulding 33 maintains high dielectric strength even when com- 
Dielectric Strength-—110 pletely immersed in water due to a unique new treatment of its 100% 


volts/mil after 4 hours rag paper base which prevents moisture absorption after edges have 
total immersion in water. been cut. 


We will fabricate Spauiding 33 to your specifications. It is also 
eee available in sheets, rolls and strips. 


268 i 
Sales . . . 
omcee Contact Spaulding for complete information 
indus- 


SPAULDING FIBRE COMPANY, INC, 


SOG WHEELER STREET, TONAWANDA, NEW YORK 
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Our only link with outer space is the advanced Communi- 
cations System. Our progress in space technology has 
become dependent on solving the vast network of new 
problems which the Space Age has imposed on the field of 
Communications. 

To meet these problems the Hughes Communications 
Systems Laboratories is drawing upon its continuing efforts 
in the field of Global Airborne Communications. Such 
newly devised Hughes hardware, at left, for example, 
illustrates the use of high-reliability wire wrapping to re- 
place soldered connections and the use of inexpensive 
miniaturized “cordwood” circuit modules to make possible 
high component density. 

New methods, such as Hughes-pioneered digital tech- 
niques, are being formulated to achieve the long-range 
goal of developing communications systems capable of 
deflecting their signals from meteors, artificial satellites, 
and even the moon. Still other methods are being devel- 


positioning of cutting edges is directed by this etched 
metal bar, a significant innovation which aided in the Hughes 
Products development of the first all-electronically controlled ma- 
chine tool line. 


Data processors under development at Hughes Fullerton will 
monitor the action of hundreds of aircraft and store the changing 
tactical situation in electronic memories for high-speed assignment 
of defense weapons, 


the West's leader in advanced eleétronics 


© 1056, HUGHES AIRCRAFT COMPANY 


THE LEAP INTO OUTER SPACE 


oped for systems which will transmit intelligence through 
media impervious to radio frequencies by modulating fre- 
quencies far up the electromagnetic spectrum. 

Advanced thinking, diversification, and expansion are 
also taking place in other areas of the Research & Develop- 
ment Laboratories, of which Communications is a part. . . 
in Hughes Products, the commercial activity of Hughes 
...in Hughes Fullerton, where three-dimensional radar 
systems are under development . . . in Hughes El Segundo, 
the manufacturing facility for complex electronics systems 
...and in Hughes Tucson, where guided missiles are 
manufactured. 

Never before have the opportunities at Hughes been 
more promising! 





New commercial and military contracts have created an immediate 

need for engineers in the following areas: 
Nuclear Electronics 
Microwaves 
Communications 
Reliability Systems Analysis 
Circuit Design Computer Engineering 

Write in confidence to Mr. Phil N. Scheid, 
Hughes General Offices, Bldg. 6-T, Culver City, California. 


Field Engineering 
Vacuum Tubes 
Crystal Filters 











HUGHES AIRCRAFT COMPANY 
Culver City, El Segundo, 

Fullerton and Los Angeles, California 
Tucson, Arizona 


Wescon show. Visit our booths 1401, 1402, 1812, and 1813 or the Hughes recruiting suites at the Chapman Park Hotel. 
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Why 8 out of 10 engineers 
read the advertising pages of 
Electrical Engineering 


Month after month, the editors of Electrical 
Engineering ask representative groups of readers to 
say what sections of the magazine they read and 
find most helpful in their work. 


Month after month, 8 out of 10 name the advertising 
pages as one of the most important sections of the 
magazine for: 


1. NEWS—about new products, new materials, 
new designs and new methods 


2. IDEAS—not only for products, but for speed- 
ing production and lowering operating costs 


3. INFORMATION—about the use and applica- 
tion of the latest components and equipment 


4. SOURCES—of supplies and suppliers, with 
particular emphasis on new products in 
new and growing fields 


The advertisers who use the pages of EE to discuss 
their products and services with you, are there to 
serve you. They welcome your questions and your 
requests for information, and for assistance in work- 
ing out your specific problems. We hope you will 
continue to keep yourself informed about them—in 
the advertising sections of Electrical Engineering. 





It will pay you to read advertising regularly in ELECTRICAL ENGINEERING 
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New Manual Provides Design Data on 


Armco Nickel-lron Magnetic Alloys... 


4838 Ni, 48 Orthonik 


Includes basic information on high permeability Armco 48 Ni and rectangular-loop Armco 
48 Orthonik, plus 50 pages of graphical data on pertinent magnetic properties. 


In “Armco Nickel-Iron Magnetic Alloys” you will find 
new and hitherto unavailable design information on the 
48% nickel magnetic materials. 

D-C magnetization curves, d-c hysteresis loops, flux 
control curves, flux-current loops, core-loss data and an- 
nealing recommendations enable you to accurately predict 
the performance of equipment requiring the special charac- 
teristics of these alloys. This precise data also enables you 
to select the grade and gage for the most effective combina- 
tion of performance and economy. 

Armco 48 Ni—Offers high permeability at low and 
moderate inductions, plus. low hysteresis loss, Produced 
in thicknesses from 14 to 2 mils for stacked or wound 
cores. 

Armco 48 Orthonik—Combines a rectangular hysteresis 
loop with high permeability at low and moderate induc- 
tions. Produced in thicknesses ranging from 14 te 6 mils. 

Consider the multiple advantages of Armco 48 Ni and 


ARNCO 


48 Orthonik for magnetic amplifiers, high quality trans- 
formers, electronic computer and control. circuits, and 
similar applications. 

Just fill out and mail the coupon for your copy of 
“Armco Nickel-[ron Magnetic Alloys.” 


ARMCO STEEL CORPORATION, 2678 Curtis St., Middletown, Ohio 


Send me your new manual Armce Nickel-Iron Magnetic 
Alloys—Armco 48 Ni—Armco 48 Orthonik. 


New We are considering them for... === 
Steels are 
born at 
Armco 




















DRM 


Co Armco Division + Sheffield Division » The National Supply Company + Armco Drainage & Metal Products, 


V, ® Inc. * The Armco International Corporation * Union Wire Rope Corporation « Southwest Steel Products 
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Standards on electrical hinery and app chiefly devoted to 
defining terms, conditions, and limits which characterize behavior. 
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AIEE STANDARDS 


A discount of 50% is allowed to Institute members except as noted. — 
cases with ¢ below) a discount of 50% for nonmember prices; dealers an 





and bona fide public reference libraries are allowed (except in special 
subscription agencies 20%. 


General Principles Upon Which Temperature 
Limits are Based in the Rating of Electric 
Equipment (June 1957) 

General Principles for Rating of Electric Ap- 
paratus for Short-Time Intermittent or Varying 
Duty (Sept. 1941) (A proposed supplement to 
No. 1) 

Guiding Principles for Specification of Service 
Conditions in Electrical Standards (May 1944) 

Guide for the Preparation of Test Procedures for 
the Thermal Evaluation of Electrical Insulat- 
ing Materials (June 1957) 

Guide for the Preparation of Test Procedures for 
the Thermal Evaluation of Insulation Systems 
for Electric Equipment (June 1957) 

Guiding Principles for Selection of Reference 
Values for Electrical Standards (Oct. 1943) 
Measurement of Voltage 
(Sept. 1953) (ASA C68.1) 
Rotating Electric Machinery Forming a Part of 
the Power Equipment on Electrically-Propelled 
Railway Cars, Locomotives, and Coaches 
(Trolley and Prime Mover) (Oct. 1957) (ASA 

C35.1) 

Electric Control Apparatus for Land Transporta- 

tion Vehicles (Oct. 1955) (ASA C48.1) 


Symbols (Jan. 1928) (ASA Z10f) 

Units (Dec. 1951) (ASA CS55.1) 

Air Switches, Insulator Units and Bus Supports 
(July 1952) 

Fuses Above 600 Volts (Feb. 1958) 

Lightning Arresters for A-C Power Circuits (Jan. 
1957) (ASA C62.1) 

Wet Tests (July 1943) (ASA C77.1) 

Outdoor Coupling Capacitors and Capacitance 
Potential Devices (Jan. 1944) 

Neutral Grounding Devices (May 1947) 

Recommended Practice for Testing Insulation 
Resistance of Rotating Machinery (April 1950) 

Potheads (Jan. 1948) 

Roof, Wall Bushings 

Automatic Circuit Reclosers 
bution Systems (Jan. 1953) 

Guiding Principles for Dielectric Tests (6-55) 

Standard, Test Code, and Recommended Prac- 
tice for Induction and Dielectric Heating 
Equipment (Sept. 1955) 

Guide for Temperature Correlation in the Con- 
nection of Insulated Wire & Cables to Electric 
Equipment (Jan. 1953) 

Guide for Insulation Maintenance for Large A-C 
Rotating Machinery (Feb. 1958) 

Guide for Making Dielectric Measurements in 
the Field (Apr. 1958) 

Test Code for Industrial Contro] (600 Volts or 
Less) (Feb. 1958) 

Test Code for Transistors (Aug. ).957) 

Test Code for Direct-Current Machines (7-57) 

Test Procedure for Single-Phase Induction Motors 
(Mar. 1958) 

Test Code for Synchronous Machines (June 1945) 

Test Procedure for Evaluation of Systems of 
Insulating Materials for Random-Wound 
Electric Machinery (Nov. 1956) 

Master Test Code for Resistance Measurement 
(May 1949) 

Master Test Code for Temperature Measurement 
(Aug. 1950) 

Master Test Code for Electrical Measurements 
in Power Circuits (Nov. 1955) 

Specification for Speed Governing of Steam Tur- 
bines for Generators (500 kw and Up) (5-49) 


in Dielectric Tests 


Mathematical 
Capacitor 


(Jan. 1948) 
A-C  Distri- 
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C37.6 
C37.7 


C37.8 
C37.9 
C37.11 
C37.12 


C37.13 
C37.14 
C37.15 


C37.16 
C37.17 


C37.20 
C39.1 


C39.2 


Preferred Standards and Standard Specification 
Data for Generators for Large 3,600-rpm, 3- 
Phase, 60-Cycle Condensing Steam Turbine 
Generators (Jan. 1953) 

Specification for Speed-Governing of Hydraulic 
Turbines for Driving Generators (Sept. 1950) 

Aircraft D-C Apparatus Voltage Ratings (Oct. 
1953) 

Test Code for Direct-Current Aircraft Machines 
(Jan. 1953) 

Test Code for Aircraft 
Devices (July 1954) 
Recommended Practice for Measurement of 
Field Intensity Above 300 Megacycles from 
Radio-Frequency Industrial, Scientific, and 

Medical Equipments (Apr. 1952) 

Recommended Practice for Minimization of Inter- 
ference from Radio-Frequency Heating Equip- 
ment (May 1950) 


Electric Power Distribution for Industrial Plants 
(Oct. 1956) 


Grounding of Industrial Power Systems (10-56) 
Standards for Wire 


Circuit Interrupting 


Definitions and General 
and Cable (Dec. 1944/Oct. 1953) (AIEE 30) 
Specifications for Weather-Resistant (weather- 
proof) Wire and Cable (URC Type) (Jan. 1948) 


Weather-Resistant Saturants & Finishes for 
Aerial Rubber-Insulated Wire & Cable (Nov. 
1939) 


Pool Cathode Mercury-Arc Power 
(Jan. 1949) 


Relays Associated with Electric Power Appa- 
ratus (Mar. 1950) 


Automatic Station Control, Supervisory & Associ- 
ated Telemetering Equipment (Oct. 1956) 


Alternating-Current Power Circuit Breakers 
(Dec. 1953) 


Methods for Determining the Rms Value of a 
Sinusoidal Current Wave and a Normal Fre- 
quency Recovery Voltage & for Simplified 
Calculation of Fault Current (Dec. 1953) 


Schedules of Preferred Ratings for Power Cir- 
cuit Breakers (Sept. 1957) 


Interrupting Rating 
Service (Aug. 1952) 


Rated Control Voltages and Their Ranges (8-52) 
Test Code for Power Circuit Breakers (Dec. 1953) 
Power Circuit Breaker Control (Sept. 1957) 

A-C Power 


Converters 


Factors for Reclosing 


Guide Specifications for Circuit 


Breakers (Aug. 1952) 


Low-Voltage Air Circuit Breakers 
Application Guide) (Aug. 1954) 


Test Code for Low-Voltage Air Circuit Breakers 
(Aug. 1954) 


Rated Control Voltages & Their Ranges for Low- 
Voltage Air Circuit Breakers (Aug. 1954) 
Schedule of Preferred Ratings for Alternating- 
and Direct-Current Low-Voltage Air Circuit 

Breakers (10-56) 

Preferred Pick-Up Calibrations and Trip Delay 
Settings for Alternating-Current Low-Voltage 
Air Circuit Breakers (10-56) 

Switchgear Assemblies and Metal-Enclosed 
Bus (AIEE No. 27) (Jan. 1955) 

Electric Indicating Instruments (Panel, Switch- 
board and Portable Instruments) (Aug. 1955) 

Instruments 


(including 


Direct-Acting Electric Recording 


(Apr. 1953) 


* Approved as American Standard. 
** A publication approved by the Standards 
Committee but not as a Standard. 
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C42 American Standard Definitions of Electrical Terms C57.12d (Partial Revision of and Supplement t 
series 1956) (Aug. 1957) 


C42.10 Rotating Machinery (May 1957) C57.12 (Section 30) Three-Phase Load-Tap-Changing 


nS : Transformers (Aug. 1956) 
—— eee eee rene C57.12 (Section 40) Secondary Network Transformer 
C42.25 Industrial Control Equipment (Oct. 1956) * (Sept. 1957) 
C42.30 Instruments, Meters and Meter Testing 257. Instrument Transformers (April 1954) 
(May 1957) C37. Constant-Current Transformers of 
C42.35 Generation, Transmission & Distribution 


(Jan. 1957) 


—Air 
—Land 


Transportation—General 


Published > adbegg 40 C57. 5 -Limiting Reactors (October 1956) . 
pamphlet (Oct. 1956) C57.1 tectifie isformer Equipment (May 1948) ... 
—Marine Hho T f See 
ctifier-Transformer Equipmen 
Illuminating Engineering (Oct. 1956) 
Electrochemistry & Electrometallurgy (Oct. 1956) 97.31 Guide for Operation of Transformers Regul 
Communication Gan.. 1957) t : at Altitudes Greater 
Electron Devices (Oct. 1956) 
Electrobiology Including Electrotherapeutic 
(Jan. 1957) 
Mining (Oct. 1 
Miscellaneous (Nov. 195 f oading Oil-Immersed Distribution and 
Synchronous Generators, Motors, and Machines Power Transforrners (Appendix to 
in General (Oct. 1955) ( 56) 
A-C Induction Motors, Machines in General, and s C57.95 Gu for Loading Oil-Immersed Step-Voltags« 
Universal Motors (Oct. 1955) ind Induction-Voltage Regulators (Appendi» 
D-C Generators, Motors, and Commutating Ma- 
chines in General (Oct. 1955) 


Rotating Exciters for Synchronous Machines a C76.la Electrical 

(Oct. 1955) Apparatus Bushings (Mar. 
Motor-Generator Sets (Oct. ; vision of und supplement t 
Test Code for Polyphase Induction Motors and ‘ . Graphical symbols ior 
Generators (AIEE No. 500) (Dec. 1954) (3-34) 

: t Cod 
Distribution, Power, ar Test 
ers, and Reactors othe 
Reactors (July 1956 232.1 Abbreviations for | on Drawings (Oct. 1950) 
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No som! tote 
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(Section 20) Overhead Type Distribution Trans- 
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Proceedings of the 1957 TOROIDALS 
Electronic Components Symposium HARDER TOROIDAL COIL WINDING MACHINES 


are industry's standard of performance, economy 
This symposium, held in Chicago, Ill, May 1-3, 1957, was d ili 
: 4 a : het: and versatility. 

sponsored by the American Institute of Electrical Engi- 
neers, the Institute of Radio Engineers, the Radio-Elec- 
tronics-Television Manufacturers Association, and the West 
Coast Electronic Manufacturers Association, with active 
participation by Agencies of the U. S. Department of De- 
fense and the National Bureau of Standards. ; HARDER 
Model ‘M’ shown 


The 46 informative papers are divided into the following 
categories: 


Session |—Introductory 

Session 11—Components 1 

Session !I|—Nuclear and Environment Studies 

Session 1V—Components 2 

Session V—High Temperature Investigations and De- 
velopment 

Session VI—instrumentation and Measurement 

Session Vil—Materials 

Also included: Three luncheon speeches 


See R. E. Anderson’s AIEE papers, “Magnetic Am- 
The 282-page book is priced at $5.00. Send remittance and plifier Design,” C & E, May 1958 for performance 
order to: details. Limited number of reprints of this paper 


Order Department available, write us for your free copy. 


AMERICAN INSTITUTE OF DONALD C. HARDER CO. 


ELECTRICAL ENGINEERS 3710 MIDWAY DRIVE, SAN DIEGO 10, CALIFORNIA 
33 West 39th St. * New York 18, N. Y. PHONE ACademy 2-5240 
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New York 
8 West 40th St. 


Chicago 


This placement service 


a nonprofit organization. 


to pay a fee at the rates 





ENGINEERING SOCIETIES 
PERSONNEL SERVICE, INC. 


84 East Randolph St. 


is sponsored by 
the Four Founder Societies for its members. 
Why not make use of it? It is operated as 
Applicants, 
placed as a result of these listings, agree 
listed by the 
Service. All replies should be addressed to 
the key numbers indicated and mailed to 
the New York office. Please enclose 8 cents 
in postage {no stamped envelopes) to cover 


(Agency) 


Detroit 
100 Farnsworth Ave. 


San Francisco 
57 Post St. 


cost of mailing and return of application. 

Two weekly bulletins of engineering po- 
sitions open, one covering positions on the 
if Pacific Coast and the other covering Mid- 
western and East Coast positions, are pub- 
lished and each bulletin is available to 
members at a subscription rate of $3.50 per 
quarter or $12.00 per annum, and to non- 
members at $4:50 per quarter or $14.00 
per annum. 
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Men Available 


or with Consultant Firms, E.E. 
utility exec, electric power; 
East—power problems in 
steam. Location desired 
E-990. 


CONSULTANT 
65, management, 
wide knowledge—Far 
industry—hydro and 
Foreign or West, South. 


CONSTRUC ENGR, Bachelor Engrg, 30, with 
5¥@ yrs distribution system design and power- 
line construc in U.S. and Europe. Desires posi- 
tion with elec construc co or consultant firm 
E-991. 


ELEC ENGR, 11 yrs exper in mfg and produc- 
tion engrg, quality control, and management. 
Master of Science in Business and Engrg admin- 
istration. E-992. 


TRANSFORMER DESIGN ENGR, 48, 24 yrs 
of exper in transformer design, testing and re 
search in power and in electronic transformer 
applications. Location desired: Metropolitan 
N.Y. or 50 miles around N.Y. 


DEPT. MGR OR CHIEF ENGR, E.E., M.A., 
49, research and development, testing, instru- 
mentation, electronic—10 yrs, supervision and 
management 15 yrs. Location desired: Florida. 
E-994-9740-Detroit. 


ASSOC PROFESSOR OR PROFESSOR, MSEE, 
48, 14 yrs industrial exper in design, 8 yrs 
teaching courses in elements of E.E., circuits, 
measurements and rotating machinery. E-995- 
892-Chicago. 

ELEC ENGR, B.S. and M.S. degrees, 25 yrs 
responsible exper in hydroelectric design, opera- 
tion, and maintenance, now employed. Available 
as manager power system, consulting, or design. 
S-1308-San Francisco. 


Positions Available 


SENIOR METALLURGICAL OR ELECTRI- 
CAL ENGINEER, metallurgical engineer, with 
electrical experience or electrical engineer or 
equivalent, graduate preferred, with a minimum 
of five years’ foundry experience; preferably in 
a special alloy foundry; familiar with high fre- 
quency inductance furnaces. Supervisory and 
equipment maintenance experience desired. 
Knowledge of Portuguese or Spanish. Salary: If 
citizen of U.S., salary equivalent to $10,000- 
$11,000 a year; part may be paid in U.S. cur- 
rency, the balance in Brazilian currency. Loca- 
tion, Brazil. F6178. 


ENGINEERS. (a) Application Engineer, 28-40, 
graduate electrical, with electrical —— ex- 
perience either in engineering or sales; experi- 
ence in writing technical letters. Will handle 
correspondence from sales engineers and custom- 
ers on inquiries for technical and product in- 
formation; make occasional product presenta- 
tions; service equipment in territories not 
covered by sales engineers. Salary, $7800-$10,000 
a year. Occasional travel. (b) Sales Engineers, 
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graduate electrical, to handle the sale of elec 
trical apparatus such as fuse cutouts, lightning 
arresters, switches, capacitors, etc. Must have 
proven and successful sales record, and some 
utility experience. Salary, $7800-$12,000 a year 
depending upon qualifications. Territories; New 
York, N. Y., Chicago, Illinois, Atlanta, Georgia, 
and Cleveland, Ohio. W6180. 


ENGINEER, 30-40, electrical or mechanical 
graduate, for large insurance organization. Util- 
ity power plant experience particularly desirable, 
also some knowledge of nuclear engineering. 
Background should make applicant adaptable 
for activities in other engineering fields, leading 
to position of general engineering consultant. 
Must be U.S. citizen, and have, or be able to 
obtain Secret clearance. Salary open; placement 
fee to be negotiated. Some traveling. Location, 
New York, N. Y. W6195. 


ASSISTANT OR ASSOCIATE PROFESSOR for 
Department of Electrical Engineering M.S. de- 
gree minimum, with teaching experience de- 
sired. Major interests in circuits, computers or 
servos. Will teach and develop courses for 
undergraduate students. Salary open. Location, 
Midwest. W6196. 


SENIOR RESEARCH ENGINEERS, B.S.E.E. 
but advanced degrees preferred; ten years’ ex- 
perience in handling projects from og ae 
through design and development. Heavy back- 
ground in R & D, proposal writing and studies. 
Ability to carry project responsibility in one 
or more of the following fields: Radar, counter- 
measures and ferret systems; microwave systems 
and components; antennas and propagation with 
emphasis on UHF, VHF and microwaves; digital 
and analog computers, data processing, tele- 
vision systems and high definition displays; 
pulse and video circuits. Salary, $10,000-$15,000 
a year. Location, New York suburban area. 
W6199 


ELECTRICAL ENGINEER, graduate, with 
from none to five years’ experience. Design, 
specification, procurement, power distribution 
systems and equipment, lighting, controls, mo- 
tors, generators, Design and construction experi- 
ence required; power plant experience desirable. 
Position is with large organic chemical manu- 
facturer. Apply by letter submitting complete 
data including experience, marital (military 
status, availability, salary required, two refer- 
ences. Location, South. W6200. 


HEAD, of School of Electrical Engineer, Ph.D. 
degree, late thirties or early forties; teaching, 
industrial and research experience; publications 
in recognized journals. Eleven months duty, one 
month vacation; limited consulting activities; 
salary range, $11,000-$13,000 a year depending 
upon qualifications. Available July 1959. Loca- 
tion, Southwest. W6217. 


ELECTRICAL ENGINEER with approximately 


ten years’ experience in power, motors, power 
distribution and instrumentation; not over 40; 
for a consulting engineering firm. Location, 
Midwest. W6218. 


ELECTRONIC ENGINEERS, 25-40, graduate 
electrical, with a minimum of three years’ di- 
versified experience in the manufacture of pre- 
cision electromechanical products. Work in cir- 
cuit and product design such as subminiature 
motors, electronic controls, relay switching de- 
vices perferred. Will design basic electronic 
equipment such as power supplies, dividers, 
multi-vibrator circuits, filter networks and RC 
circuits, Must be U.S. citizen. Salary, $6500- 
$8300 a year; good fringe benefits. Location, 
New York, N. Y. W6222. 


ELECTRICAL SALES ENGINEER, 25-35, for 
leading manufacturer of D.C. generators and 
rectifiers expanding its operations; B.S. in elec- 
trical engineering or equivalent with five years’ 
experience in electrical engineering or electrical 
sales. Work will involve assisting other salesmen, 
quotations, special projects and direct selling. 
Some traveling involved. Salary open. Company 
will negotiate placement fee. Location, East. 
W6253. 


PROJECT ENGINEER, B.S. in Electrical En- 
gineering or B.S. in radio engineering, with 
three to five years’ experience on specialty motor 
design and development. Experience on minia- 
ture. gear motors, servos, synchronous motors, 
etc. Will design and develop miniature 400 
cycle gear motors, servo motors, hysteresis syn 
chronous motors, small alternators, induction 
motors, etc. Location, New Hampshire. W6257. 


ELECTRICAL ENGINEERS, B.S. or M.E, in 
electrical engineering, with at least two years’ 
experience in electronic circuit and systems de- 
sign, for electronic control circuit and systems 
design. Location, New York State. W6259(b) 


ENGINEERS. (a) Senior Engineer, M.S. or B.S. 
in E.E., with additional experience, three to 
five years’ experience in design, development, 
engineering, fabrication, testing of electronic 
devices or systems. Will handle a major portion 
of large project or small project in its entirety 
in wide range R.F. circuitry. Salary, $8000- 
$10,000 a year. (b) Engineering Aide, responsible 
for solving less complex problems in a develop- 
ment project involving research, design of a 
device or system under a project engineer. Sal- 
ary, $6500-$7500 a year. (c) Product Engineer, 
graduate E.E., two years’ experience in develop- 
ment of deliverable military equipment built to 
MIL specifications. Will be responsible for the 
design and methodizing production phases of 
projects, design of jigs and fixtures, methodizing 
repetitive tests techniques, etc. Salary, $6500- 
$8000 a year. Location, Pennsylvania. W6262 


ASSISTANT PLANT ENGINEER, electrical 
graduate, with industrial electronic experience 
including high frequency induction equipment 
in process industries. Salary, $7000-$8000 a year. 
Location, central Pennsylvania. W6289. 


ENGINEER, university graduate, with at least 
five years’ experience in the operation of steam 
electric generating station for responsible posi- 
tion. Preference will be given to Spanish speak- 
ing applicant. Salary dependent upon qualifica- 
tions, Location, South America. F6293. 


DEVELOPMENT AND APPLICATION ENGI- 
NEER, 30-40, chemical or electrical graduate, 
with at least five years’ ghee development 
experience covering knitted metal mesh fabrics. 
Salary, $8000-$9000 a year. Location, Elizabeth, 
New Jersey area. W6298. 


TEACHING PERSONNEL. (a) Assistant, Asso- 
ciate, Professor, Ph.D. or Sc.D. in Power field. 
To teach senior and graduate courses in rotating 
machinery and direct theses and research in 
this area. (b) Assistant, Associate or Professor, 
Ph.D. or Sc.D. in electronics. To teach senior 
and graduate courses in this area and direct 
theses and research in this field. Rank and 
salary dependent on experience and capability. 
Positions available September 1958, or June .or 
September 1959. Location, Midwest. W6263. 


ELECTRICAL GRADUATE with a minimum 
of eight years’ experience in the design of power 
and light, preferably for airforce military in- 
stallations. Salary, $12,000 a year. Location, 
Middle East. F6272((a). 


(Continued on page 744A) 
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ELECTRONIC: 
ENGINEERS— -. ECTRICAL: 


Air Force space and operational 


programs offer you 
unique professional challenge 
and opportunity 
as a cwilian 


Among the myriad current and projected programs of the U. S. 
Air Force lies a challenge and opportunity for civilian electronic and 
electrical engineers with varying degrees of specialty and experience. 
These areas include: the research, development and maintenance 
essential to sustaining qualitative superiority for the operational 
Air Force; research and development in IRBM and ICBM fields; the 
projection into outer space and return of manned, piloted vehicles. 
Stimulating assignments now exist for qualified men in these 
categories. 


As an Air Force Civilian Electronic or Electrical Engineer you: 


WORK ...in a fine creative atmosphere... with foremost men in the 
field... with most modern equipment and facilities ...in more than 
one specific program ...in geographic location of your choice. 


RECEIVE ...assured income...low-cost life insurance... promo- 
tions from within... excellent retirement and compensation plans... 
protection from arbitrary separation...liberal sick and vacation 
leave plans. 


ENJOY...expanded scope of assignment... professional prestige 
and recognition... job satisfaction... participation in opening new 
frontiers and conquering space. 


For full details mail the coupon below. 


Paste on Postcard and Mail or Write to: 
Air Force Civilian Personnel, Dept. 2 

Box 7608, Washington 4, D. C. 

Please send me further information on U. S. CHALLENGE 
Air Force Civilian Personnel opportunities. aiiceuien 


Name CREATIVITY 





Degree (s)____ Specialty 
Address . 
U.S. Air 
Zone__State 
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work in the fields of the future at NAA 


ELECTRO- 
MECHANICAL 
ELECTRONIC 

ENGINEERS 


A BS or advanced degrees in 
EE, ME, or Physics, may 
qualify you for a rewarding 
career at North American Avi- 
ation, in one of these fields: 
Flight Control Analysis, 
Reliability Analysis, Flight 
Simulation, Systems Analysis. 
Electrical Systems Analy- 
sis and Design, Mission and 
Traffic Control, Fire Control, 
Bombing Systems, Elec- 
tronics Systems Integration, 
Flight Controls, Ground Sup- 
port Equipment, Airborne 
and Electronic Test Equip- 
ment. 

Applied Research in Ra- 
dome Development, Antenna 
Development, Infrared, and 
Acoustics. 

Please write to: Mr. D. H. 
Stevenson, Engineering Per- 
sonnel, North American 
Aviation, Los Angeles 45, 
California. 


THE LOS ANGELES DIVISION OF N 


NORTH 
AMERICAN 
AVIATION, INC. 
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“Happy Landing’”’— 
more than a million 
times a year! 


EVERY 30 seconds, somewhere in 
the free world, an aircraft makes a 
touchdown with the aid of the ITT- 
developed “ILS”— instrument low- 
approach system—produced domesti- 
cally by Federal Telephone and Radio 
Company, ITT’s largest U.S. manu- 
facturing unit. 

This famed landing system is only 
one of many vital products made in 
Federal’s million-square-foot plant. 
Federal also produces Tacan, Vortac, 
Data Link, missile guidance and 
command systems, automatic check- 
out and ground test equipment, data 
processing computers, countermeas- 
ures, direction finders, fire control 
and radar simulators, radio transmit- 
ters and receivers, ATC transponders, 
microwave equipment and other elec- 
tronic and telecommunications sys- 
tems for air navigation and military 
use. 

Men of ambition and skill will find 
Federal’s diversity a fertile field for 
challenging and rewarding opportu- 
nities...in country-like atmosphere 
...only minutes away from the heart 
of New York City! 


For further information on opportunities 
at Federal—located in Clifton, New Jer- 
sey — write to ITT Technical Placement 
Office, 67 Broad Street, New York 4, N.Y. 


FEDERAL TELEPHONE 
AND RADIO COMPANY 


A Division of 


INTERNATIONAL TELEPHONE 
AND TELEGRAPH CORPORATION 
67 Broad Street » New York 





Personnel Service, Inc. 


(Continued from page 72A) 


RESEARCH AND DEVELOPMENT ENGI 
NEERS, graduate physicists or electronic engi 
neers, Ph.D. preferred, with experience in data 
handling and process, on digital and analog 
computers and associated data handling equip- 
ment. Salary, $8000-$14,000 a year. Company 
will negotiate fee. Must be U.S. citizen. Loca- 
tion, Westchester County, New York. W6286. 


ASSISTANT PLANT ENGINEER, not over 30, 
graduate mechanical or electrical, to assist plant 
engineer in regular plant engineering work; de 
sign new facilities and engineering facility im- 
provements and assist in the supervision of 
plant maintenance work. Position will lead to 
that of plant engineer. Salary open dependent 
upon amount and type of experience. Location, 
Louisiana, W6287. 


ASSOCIATE OR ASSISTANT PROFESSOR, 
electrical, M.S. preferred; experience and cap 
able of setting up department; assist in exami- 
nation of program in setting up new department 
for established school. Salary, $6000-$8400, to 
start. Location, Sacramento Valley, California. 
$3647. 


DESIGNER CHIEF, electrical, preferably regis 
tered in California, under 40, with minimum 
of ten years’ experience in peiro chemical re 
finery work (tower and controls-remote operating 
supervisory and instrumentation). Will be first 
in the electrical department and should be a 
working leader with ability to do these things: 
Supervise, direct and instruct others, work with 
associates and deal with chemists; have capacity 
to develop into associate within the firm. Salary, 
about $10,800 a year. Location, Los Angeles 
$3618 
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BIBLIOGRAPHY 
ON WATTHOUR 
METERS 
November 1957 


Sa 
Publication S-100 is a bibli- 
ography of approximately 
1,000 references of stand- 
ards, text books, and peri- 
odicals. The 63-page com- 
pilation was assembled by 
members of the AIEE Sub- 
committee on Watthour 
Meters of the AIEE Indicat- 
ing and Integrating Instru- 
ments Committee, assisted 
by G. A. Palmer represent- 
ing EII and AEIC. The price 
is $3.00. Request from the 
Order Department, 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS, 
33 West 39th Street, 
New York 18, N. Y. 
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Turn to 
any page of 


Electrical 
Engineering... 


Closely related to EE’s broad editorial coverage of 
news and factual information of the technological 
aspects of the industry—are the advertising messages 
appearing in its pages, monthly. 


This advertising is designed to keep you informed— 
of product improvements and design, of the appli- 
cations and use of apparatus and equipment, of the 
development of materials and components essential 
to your production. 


And for those responsible for construction and instal- 
lation— to point the way to lower costs and to 
short-cuts that help speed the job. 


In short, advertising which appears in EE is con- 
tributing to your economic, technological and business 
progress. It will profit you to read it—with the same 
care and attention you give to the carefully compiled 
editorial pages of EE. 





it will pay you to read advertising regularly in ELECTRICAL ENGINEERING 


Aucust 1958 


... the electrical engineers own magazine 
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Any way you look at tt... 


Yes, any way you look at the B-58, 
America’s first and only bomber capable of 
sustained supersonic speeds, you see an 
aerodynamically-advanced configuration. 
From the tips of its conical cambered wings 
to the tail of its trim, area rule fuselage... 
the B-58 reflects the alert, imaginative think- 
ing of engineers at Convair-Fort Worth. 


Throughout the design stages of the B-58 
... and in the conception of every one of 
the more than half-a-hundred Air Force 
projects now on hand...one major con- 


sideration is Growth Potential ... the 
weapon must fly even faster, farther, safer 
tomorrow than it does today! 


Growth potential of a weapons system re- 
sults directly from growth potential for the 
individual engineer. If professional growth 
is a condition of your career plans, send a 
confidential resume of your training and ex- 
perience for consideration by engineers in 
the area most suited to your qualifications. 
For personalized handling address your in- 
quiry to P. O. Box 748L. 


CONVAIR FORT WORTH 
FORT WORTH, TEXAS 


CONVAIR #§S A DIVISION OF GENERAL DYNAMICS CORPORATION 





Trade Literature 


(Continued from page 64A) 


Drafting Room Short Cuts in Booklet. A 
booklet outlining ways in which Koda- 
graph reproduction materials can provide 
short cuts and savings in reproduction de- 
partments, drafting rooms, and in the 
field, has been published by Eastman 
Kodak Company. Entitled “Short Cuts and 
Savings with Kodagraph Reproduction 
Materials,” the 12-page booklet diagrams 
applications for the materials: to protect 
original drawings, simplify print distribu- 
tion, restore old and worn drawings, re- 
produce blueprints and _ direct-process 
prints, speed revision of drawings, per- 
mit combining of standard designs, and 
save drafting time with photodrawings. 
The booklet is available without charge 
from Graphic Reproduction Division, 
Eastman Kodak Company, Rochester, N.Y. 


Stampings Folder. A 4-page, informational 
folder has been produced by The Stave 
Company which details the services of the 
company in the fabrication and produc 
tion of stampings from rare and specialized 
metals and includes a handy quick refer- 
ence chart covering. the properties and 
typical uses for 20 different types of rare 
or special metals. Copies are available on 
request. Write to The Staver Company, 
45-51 N. Saxon Ave., Bay Shore, N. Y. 


Lubricant Chart. Bulletin //6 contains a 
valuable chart for machine shop personnel 
showing where and how Molykote lubri- 
cants should be applied. The chart indi- 
cates the equipment on which the lubri- 
can promises to excel, the method of 
applying the lubricant, and the benefits 
which can be expected. Copies are avail- 
able from The Alpha-Molykote Corpora- 
tion, 65 Harvard Ave., Stamford, Conn. 


Receiver Recorder and Controller. The 
16-page Product Specification £12-5 con 
tains details of newly developed plug-in 
components for the Bailey recorder. 
[welve types of receivers, controllers, re- 
transmitters, and direct measuring devices 
from which the recorder may be custom- 
built are described. Also illustrated is the 
sealed, automatic, l-year inking system 
and many exclusive features. Available on 
request from Bailey Meter Company, 1050 
Ivanhoe Rd., Cleveland 10, Ohio. 


Polyester Tape. A 4-page brochure, in- 
tended to aid designers in selecting poly- 
ester tapes, lists physical and electrical 
properties of Scotch brand polyester tapes, 
as well as the military specifications met 
by the tapes. The booklet may be obtained 
by writing to Minnesota Mining and 
Manufacturing Co., Dept. D8-187, 900 
Bush St., St. Paul 6, Minn. 


AN Connector Chart. An easily used wall- 
chart for specifying AN connectors is avail- 
able. This colorful 22 inch by 28 inch 
sheet graphically provides a simple method 
for selecting the proper AN connector for 
an application. For your copy, contact The 
Deutsch Company, 7000 Avalon Blvd., Los 
Angeles 3, Calif. 
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Research sani Development ENGINEERS 


NEW 
Career 

) = opportunities 
with 


\\| MOTOROLA 


in Chicago 


Here is opportunity unlimited for men 
who like challenges and the rewards that go with 
accomplishment. Grow right along with dynamic 2-way 
radio communications, or work on important assign- 
ments from the armed forces. 

You’ll enjoy working at Motorola in well-instru- 
mented laboratories, with men of the highest technical 
competence. Many liberal employee benefits, including 
an attractive profit sharing plan. 

Living in one of Chicago’s beautiful suburbs, you 
can choose from endless social, cultural and educa- 
tional activities the year round. 


MILITARY CIVILIAN 
POSITIONS OPEN POSITIONS OPEN 


Radar transmitters and receivers 2-WAY RADIO COMMUNICATIONS 
Radar circuit design e VHF & UHF Receiver « Transmitter 
Antenna design design & development « Power supply 
Electronic countermeasure systems Sutton « Trocltes Replications s 
yor communications equipment Crystal Engineering « Sales Engineers 
Pulse circuit design PORTABLE COMMUNICATIONS 

IF strip design e Design of VHF & UHF FM Commu- 
Device using kylstron, traveling wave nications in portable or subminiature 
tube and backward wave oscillator development. 


Display and storage devices MICROWAVE FIELD ENGINEERS 





SEND FOR THIS 36 PAGE BOOK 
with the complete Motorola story 
write Mr. L. B. Wrenn Dept. D 


MOTOROLA, INC. 
4501 Augusta Bivd., Chicago 51, Ill. 











CLASSIFIED ADVERTISING 


For help and situations wanted, $2.00 per line, min- 
imum 5 lines, maximum 30 lines. Sale and purchase 
of used machinery, etc., $2.50 per line, not avail- 
able to dealers. Address orders to: Classified Section, 
ELECTRICAL ENGINEERING, 6th Floor, 33 West 39th 
Street, New York 18, N 


When answering an advertisement, send all replies 

to box number specified, c/o ELECTRICAL ENGINEER- 

ING, 6th Floor, 33 West 39th Street, New York 18, 
Y., unless other address is given. 





Positions Open 


PROFESSOR OF ELECTRICAL ENGINEER- 
ING—to teach and do research in the field of 
communications. Should have Ph.D., teaching 
and research experience. $9,400-$12,000. Write 
Box 468 


ELECTRICAL ENGINEER — Electrical Engi- 
neer interested in electrical design of power 
plants or industrial plants. Experience not re- 
quired. Excellent opportunity with consulting 
engineering firm in Middle West. Liberal bene- 
fit plans and good working conditions. Send 
resume of education and experience with state- 
ment of salary requirement to: Box 492 


ASSOCIATE OR PROFESSOR OF ELECTRI 
CAL ENGINEERING to teach undergraduate 
courses in communications and part time re- 
search. To twelve thousand for eleven months. 
Ph.D. degree. Dean of Engineering, University 
of Santa Clara, Santa Clara, California 


GENERAL ELECTRIC ADVANCED ELEC 
FRONICS CENTER at Cornell University has 
openings for experienced electronic engineers 
and physicists. As the Advanced Engineering 
Component of the Light Military Electronic 
Equipment Department, the Center is respon 
sible for Applied Research and Advanced De- 
velopment of Airborne Electronic Equipment 
Current work at the Center includes Electronic 
Warfare, Radar, Communications, Data Process- 
ing, Weapons Systems Engineering, Proximity 
Fuses, Magnetic Amplifiers, Human Engineer- 
ing, Infrared and Transistors. Replies stating 
education, experience and salary requirements 
should be addressed to Dr. Paul Doigan, Gen- 
eral Electric Company, Advanced Electronics 
Center at Cornell University, Ithaca, New York 
All replies will be kept confidential. 


ASSOCIATE PROFESSOR for Electrical Engi- 
neering Department. Ph.D. degree preferred. 
Opening in electronics. Salary commensurate 
with experience and education. Position avail- 
able September 1958. Write Head, Electrical 
Engineering Department, South Dakota School 
of Mines and Technology, Rapid City, South 
Dakota. 


ELECTRICAL ENGINEER, physicist, chemist 
for fundamental project on effects of radiation 
on dielectrics. Capacitor experience desirable. 
Send resume to: Radiation Research Corpora- 
tion, 1114 First Avenue, New York, New York. 


FOREIGN EMPLOYMENT, hundreds of chal- 
lenging opportunities with American companies 
overseas. Top-pay positions in your field. Write 
World Employment Service, Dept. 6, Box 3831, 
Los Angeles 54, California 


PATENT LAWYER, with one to three years 
experience to handle research laboratory and 
University patent work. Teaching also possible. 
Send resume to Arnold Addison, Personnel Di 
rector, Ordance Research Laboratory. The 
Pennsylvania State University, P. O. Box 30 
University Park, Penna 


TEACHING POSITION, excellent opportunity 
is available in a new, expanding electrical engi- 
neering department. Rank and salary commen- 
surate with qualifications. Appointment is avail- 
able beginning September 1958. Send complete 
resume to Box 641. 
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RAPIDLY-GROWING ELECTRIC UTILITY 
requires two electrical engineers. Recent gradu- 
ates, or experienced to age 35. Above average 
opportunity—salary commensurate with training 
and experience. Location: Northern Maine. Box 
646. 


MAINTENANCE ENGINEER — FAR EAST 
ELECTRIC UTILITY requires graduate me- 
chanical engineer or equivalent to plan and 
supervise mechanical maintenance in oil-fired 
generating stations. Ten years experience in 
utilities is mandatory. Excellent working and 
living conditions. One year contract with re- 
newal option. Salary commensurate with experi- 
ence. Submit complete confidential resume to 
Gilbert Pacific, Incorporated, P.O. Box 1498, 
Reading, Pennsylvania. 


Positions Wanted 


ELECTRICAL ENGINEER-POWER PLANTS.- 
MS, PE, 33, 7 years experience in all phases of 
power plant electrical design, 5 years experience 
in switchboard and HV and LV switchgear de- 
sign. Interested in responsible power plant de- 
sign position in New York City. Other positions 
or locations considered. Box 642. 


ELECTRICAL ENGINEER; MS; professional 
registration. 6 years industrial experience in 
manufacturing, service, development and process 
engineering; 2 years teaching experience in elec- 
trical engineering; presently systems analyst in 
industrial plant. Desire managerial position in 
growing company. Box 643. 








NOTE 


Be sure to address all Classified box 
numbers (where indicated) to 
Box 
ELECTRICAL ENGINEERING 
Room 607 
33 West 39th Street 
New York 18, N. Y. 











DIRECTOR OF ENGINEERING OR CHIEF 
ENGINEER—experienced in developing engi 
neering policy, program planning and organiz 
ing, departmental coordination, staff administra 
tion, evaluation and development of engineering 
talent, budgets, cost controls, new product ideas, 
research and development, creative design. Capa- 
ble manager, efficient planner. Graduate electri- 
cal engineer (M.I.T.) with advanced degrees 
Age: 51. Box 644. 


POWER SYSTEM DISPATCHERS—Power Pool 
dissolved—four Pool Dispatchers available. Ex- 
perienced in pool and interconnected systems 
operation. Individuals will answer inquiries to 
Box 645. 


A.LE.E. TRANSACTIONS wanted to buy for 
cash back volumes and sets also other scientific 
and technical Journals.—E. E. ASHLEY, 27 East 
2ist Street, New York 10, New York. 
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THERMAL EVALUATION OF 
INSULATING MATERIALS 


(June 1954) 


At the 1954 Winter General 
Meeting the Subcommittee 
on Dielectrics and its Work- 
ing Group sponsored three 
sessions of papers covering 
various phases of the prob- 
lem of evaluating insulating 
materials. Since these papers 
review much of the recently 
developed information on this 
subject, it was decided to re- 
print them in this form. As 
test methods on the thermal 
evaluation of insulating mate- 
rials become available, more 
and more data on thermal 
stability of both the newer 
and the older materials 
should develop, and even- 
tually make possible the ra- 
tional revision of AIEE Stand- 
ard Number | on a sound 
basis. 


The 72-page printed pub- 
lication contains 16 papers 


and discussions, presented at 
the 1954 AIEE Winter Gen- 


eral Meeting. 


Publication S-61 is available 
at the price of $1.50 to mem- 
bers and nonmembers. Send 
orders to: 


Order Department 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 


33 West 39th Street 
New York 18, N. Y. 





ELECTRICAL ENGINEERING 








The GENERAL Idea on Engineering Careers 


ARE 
YOu 
THIS 
MAN? 


F YOU are a man who has kept pace with the 
fast-moving art of telephony—and are quali- 
fied as a senior engineer—we have a challenging 
assignment for you at General Telephone 
Laboratories. 


For example, working on the complex circuitry 
and high-speed switching involved in direct 
distance dialing. Not all of the problems have 
been solved. There’s a big field for new ideas 
to meet the challenge of this latest marvel. 


We’re investigating new detection methods — 
striving constantly for systems that will do 
more, and will do it faster and with increased 
reliability. 


But research and development in communica- 
tions is only one phase of our work at General 
Telephone Laboratories. We also provide R & D 
support for our manufacturing affiliate, Auto- 
matic Electric, whose pioneering in automatic 


Circuit engineers testing central office and 
private branch telephone switching systems 
at General Telephone Laboratories. 


telephony was the forerunner of automated 
equipment so widely used throughout industry 
today. 


We work in close cooperation with thousands of 
telephone companies in the U. S. and abroad — 
including the operating and manufacturing 
companies of General Telephone — America’s 
second largest and fastest-growing telephone 
system! 
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Grow with us—The tremendous growth of communica- 
tions—and the wide application of automation princi- 
ples—have created many new engineering opportunities 
here at General Telephone Laboratories. We have a 
challenging opening for you if you are qualified for 
senior research and development work in electrical, 
electromechanical or mechanical engineering, electron- 
ics, or physics. We can be more specific about your 
particular opportunity if you will write in confidence 
to Mr. Robert Wopat, President, General Telephone 
Laboratories, Northlake, Illinois. 


GENERAL TELEPHONE LABORATORIES 
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YOUR FUTURE IS GREAT IN A GROWING AMERICA 


AMERICA ALWAYS OUTPERFORMS ITS PROMISES 


We grow so fast our goals are exceeded soon after they are set! 


7 BIG REASONS FOR CONFIDENCE IN AMERICA’S FUTURE 


1. More People — Four million babies yearly. U.S. popula- 
tion has doubled in last 50 years! And our prosperity curve 
has always followed our population curve. 

2. More Jobs—Though employment in some areas has fallen 
off, there are 15 million more jobs than in 1939—and there 
will be 22 million more in 1975 than today. 

3. More Income—F amily income after taxes is at an all-time 
high of $5300—is expected to pass $7000 by 1975. 

4. More Production —U.S. production doubles every 20 
years. We will require millions more people to make, sell and 
distribute our products. 

5. More Savings — Individual savings are at highest level 
ever—$340 billion—a record amount available for spending. 
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6. More Research — $10 billion spent each year will pay off 
in more jobs, better living, whole new industries. 

7. More Needs—In the next few years we will need more 
than $500 billion worth of schools, highways, homes, dura- 
ble equipment. Meeting these needs will create new oppor- 
tunities for everyone. 


Add them up and you have the makings of an- 
other big upswing. Wise planners, builders and 
buyers will act now to get ready for it. 

FREE! Send for this new 24-page illustrated 
booklet, “Your Great Future in a Growing 
America.” Every American should know these 
facts. Drop a post card today to: THE ADVER- 
TISING COUNCIL, Box 10, Midtown Station, 
New York 18, N. Y. 
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leading reactor builder offers 
CAREERS 


in worldwide nuclear projects} 


EXPERIENCED NUCLEAR ENGINEERS 





ANALYTICAL 





Degree essential. Experience as required. 

Preliminary Engineering: Conduct preliminary analysis and design of 
overall power reactor systems and components. 

Core Analysis: Includes criticality, temperature, void and power coeffi- 
cients, control effectiveness and fuel cycles. 

Shielding Analysis: Advanced studies and analysis on stationary and 
mobile plants. 

Heat Transfer and Fluid Flow: Steady-state and transient analysis. 
Includes power optimization studies, free and forced convection flow tran- 
sients, boiling, and two phase flow. Advanced analytical methods using 
analog and digital computers. 

Stress Analysis: Structural, thermal, and dynamic stress analysis of high 
temperature reactor systems. 

Systems Analysis: Coordinate engineering on reactor plant design. 
Control Analysis: Reactor kinetics and overall nuclear power plant con- 
trol— hazard analysis—analog and digital computers. 

Operations: Foreign and domestic —for check-out, start-up and customer 
training. Includes operational analysis and design criteria. 





DEVELOPMENTAL 





Requires related experience and applicable degree. 

Fuel Elements: Experienced senior physical metallurgists for responsible 
positions in nuclear reactor fuel development programs. Includes studies 
of radiation effects, overall evaluation of uranium and thorium alloy, and 
ceramics. Also metallurgical engineers for mechanical fabrication devel- 
opment for these materials. 

Mechanical Components: Experienced mechanical engineers for the devel- 
opment of coolant and other equipment for power reactors. Stimulating 
developmental problems in thermodynamics, stress, heat transfer and fluid 
dynamics. Senior metallurgists for responsible research positions on reac- 
tor structural materials. Desire alloy development and solid state diffusion 
experience. 

Instrumentation and Control: Senior physicists and EE’s for design and 
development of advanced design transistor, vacuum tube, and/or magnetic 
amplifier control and instrumentation components. 





DESIGN 





Senior opening. Degree required. Nuclear experience essential. 

Process Instrumentation: Reactor, auxiliary, and control systems. 
Facilities: Mechanical systems. 

Process Systems and Equipment: Pumps, heat transfer equipment. 
Electrical: Reactor control and power systems. 

Machine Design: Heavy mechanical. 

Reactor Core Components: Moderator cans, fuel elements, core supporting 
structures. 

Control Mechanisms: Control and safety rods, drives and allied tooling. 





Other opportunities in: 
Reactor Theory, Experimental Neutron Physics, 
Solid State Physics, and Reactor Kinetics. 





Write for more details of exciting career opportunities at AI. 
Mr. E. H. Newton, Personnel Office, Atomics International, 


15330 Raymer Street, Van Nuys, California. 
(In the suburban San Fernando Valley, near Los Angeles) 


aa 
AT: ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC, 
PIONEERS IN THE CREATIVE USE OF THE ATOM 
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SRE Fuel Handling Cask. The Sodium Reactor 
Experiment and the Organic Moderated Reactor 
Experiment are both in successful operation. 
Plans for several central station plants based on 
these experimental power reactors are underway. 
Al is also conducting an advanced power reactor 
study for Southwest Atomic Energy Associates. 
Overseas, AI has already sold 5 reactors, and is 
affiliated with ASEA of Sweden and the new com- 
pany INTERATOM (with Demac, West Germany). 
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Completely Revised, October 1956 Issue 
Electric Power Distribution 


for Industrial Plants 
(RED BOOK) 


No. 952 


The purpose of this publication is to bring to the attention of engineers, owners, and plant man- 
agement the important features of well-designed electric distribution systems that result in satis- 
factory performance of utilization equipment and efficient operation of the plant; it covers the 
features of the electric distribution systems which are applicable to most types and sizes of indus- 
trial plants. It sets forth the elements of the distribution system both as to what to do to accomplish 
desired results and the reasons for them. It does not explain in detail how to accomplish the final 
results. 

Basic information is included to determine the approximate load requirements of industrial plants, 
the type of distribution system, the distribution voltages, and voltage regulation, as well as informa- 
tion to assist the engineer in the selection of transformers, circuit breakers, relays, meters, fuses, 
cables, bus, and miscellaneous equipment needed in the design of an adequate electric distribution 
system for present and future load conditions. Operating and maintenance problems are dealt with 
only in so far as they affect system and equipment selection. Basic information is included to deter- 
mine load requirements, type of system, and voltages. Data are included to assist selecting trans- 
formers, circuit breakers, relays, meters, fuses, conductor, and miscellaneous equipment for present 
and future loads. 

$3.50 per copy (50 per cent discount to AIEE members); 172 pages 





Companion Publication (Also October 1956) 
Grounding of 


Industrial Power Systems 
No. 953 


This publication covers the problems of system grounding, connecting the frames and enclosures 
of electric apparatus to a ground system, the problems of static, the methods of protecting struc- 
tures against the effects of lightning, and the problems of obtaining a low resistance connection to 
the earth. 

The popular name “Green Book” now applies to this new publication rather than to Interior Wir- 
ing Design for Commercial Buildings as before. The latter publication is out of print pending revi- 
sion and when the new edition is available it will be known as the “Gray Book.” 

$1.20 per copy (50 per cent discount to AIEE members); 40 pages 


DETACH 


(Please print) AMERICAN INSTITUTE OF 


ELECTRICAL ENGINEERS 
33 WEST 39TH STREET 
NEW YORK 18, N. Y. 


([] Nonmember 
Remittance of $.... is enclosed for the publication(s) checked below. 
[] 952 Electric Power Distribution for Industrial Plants 


[] 953 Grounding of Industrial Power Systems (CONTENTS—PRINTED MATTER) 


POSTMASTER: This parcel may be opened for Postal Inspection if necessary. 
Return postage guaranteed. 


Type or print on return mailing label —»> 
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Power Supply for 
Resistance 


Welding Machines 
(April 1952) 


AIEE Special Publication S-45 
is a report of the AIEE Sub- 
committee on Power Supply 
| for Resistance Welding Ma- 
| chines. Recognizing that the 
_ installation and use of any 
resistance welding process 
vitally concerns not only the 
industrialist requiring the 
| process but also the welding 


| machine manufacturer and | 
| the utility supplying the elec- | 


tric power as well, the com- 


| mittee has in this report | 
| brought together much perti- | 


nent data from the knowl- 


edge, literature, and experi- | 


ence in all these fields. 


This publication supersedes 
| the AIEE reports of the same 


| title presented in 1940-1. The | 


| new work is required by de- 


velopments in welding ma- | 
chines, new processes, better | 


analysis of certain pheno- 


mena (such as measurement , 


| of instantaneous loads, and 
_ interference between weld- 


| ers) and a clearer under- | 


standing of the whole prob- 


lem of power supply for re- | 


sistance welders. 


| This report is not intended | 
| to be a complete solution of | 
| all welding problems, but | 


should direct attention to the 
special electrical features in- 
volved so that a full analysis 
| developed for a welding proj- 


ect can be readily under- | 


stood and utilized by man- 
| ager, master mechanic, and 
electrical engineer. 


tt ~<Oor oe 
Copies are available for the 


price of $1.00 (no discounts 
permitted). Address: 


Order Department 
AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 
33 West 39th Street 


New York 18, N. Y. | 
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ENGINEERS AND PHYSICISTS: 


WRITE US 


for illustrated brochure 
TALENT GROWS AT EMERSON ELECTRIC 





This colorful new brochure is a pictorial tour of our 
Electronics and Avionics Division, our operations and com- 
munity. More important, we sincerely believe it will provide 
you with clear, logical reasons why “‘talent grows at 
Emerson Electric’: ours is an expanding company, doing 
some of the most advanced work in avionics-electronics—a 
medium-size growth company in which people know each 
other and are quick to recognize where ideas come from. 

If you desire opportunity for growth, WRITE TODAY 
for free brochure and include resumé of your business and 
education background. Simply address Byron Johnston, En- 


gineering Employment Supervisor. There is no obligation. 


Electronics and Avionics Division 


EMERSON ELECTRIC 


8100 W. Florissant St. Lovis 21, Mo. 
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ELECTRICAL e ELECTRONIC 
ENGINEERS 


We are seeking several experienced engineers who 
have creative ability and want to advance profession- 
ally, for work on stimulating research projects in the 
areas of: 
Microwave Component Design 
Propagation in lonized Media 
Transistor R. F. Circuits 
Radar Systems Analysis 
If you are looking for ideal working conditions and 
an unusual opportunity for professional growth, you 
should consider the opportunities available at AR- 
MOUR RESEARCH FOUNDATION. We offer Com- 
petitive Salaries, generous Re-location Allowance, Air- 
conditioned Facilities, Tuition Free Graduate Study, 


Liberal Vacation Policy and many other benefits. For 
descriptive material concerning our activities, write to: 


A. J. Paneral 
ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 
10 West 35th St. 


Chicago 16, Illinois 
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How NATIONAL Ingenuity Helped Solve 


A Tough Motor Maintenance Problem 


This motor drives a continuous mining machine. 


Operation of the machine under certain unusual 
conditions caused overheating and eventual 
failure of the motor. National not only repaired 
the damaged motor but helped the customer 
plan modifications to prevent recurrence of the 
difficulty. 


Water jackets (as shown in the photo) 
were added at carefully selected locations on 
the motor frame. Water used to spray the coal 
during the mining operation is first circulated 
through these jackets, thus bringing the operat- 


ing temperature of the motor down well within 
workable limits. 


An unusual solution, perhaps, but one 
which typifies the ingenuity which National 
engineers apply to the job of eliminating the 
cause of electrical equipment failures. Improve- 
ment, not merely repair, is always the objective. 


For details on how National redesign in- 
genuity can help you eliminate your tough motor 
maintenance problems, just call your nearby 
National field engineer or drop us a line. 


NATIONAL FLECTRIC COIL (COMPANY ew) 


COLUMBUS 16, OHIO, U.S. A. wires: 


ELECTRICAL ENGINEERS: MAKERS OF 
REDESIGNING AND REPAIRING OF 


ELECTRICAL 
ROTATING 


COItS AND INSULATION — 
ELECTRICAL MACHINES 


Aucust 1958 For more information circle 53 on reader service card. 85A 





JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 





WHEN A SIGNAL ALMOST ISN’T... 


We feel like passing out cigars because our development engi- 
neers have given birth to a new addition to the CONTROL 
standard line of proportioning reactors that never wear out. 
It’s a pre-amplifier that will work from a 200-microwatt signal, 
with a 3-cycle response. Hitch it to a CONTROL proportioning 
reactor and in one step you have wide range control of a 2-KVA 
load. That means if you have to work from the minute output 
of a small tach-generator, thickness gauge, electronic relay or 
process control instrumentation, you should write us. We’ve got 
CONTROL pre-amplifier specifications ready for you. 


THE HECK 
WITH MAINTENANCE! 


There are no moving parts in a CONTROL 
proportioning reactor. There are no filaments 
to burn out. There are no adjustments to make. 
You can bury them, fly them through the tropo- 
sphere, or install them in the corrosive atmos- 
phere of a chlorine plant—it makes no differ- 
ence. If you’re tired of control equipment that 
has to be pampered with maintenance, you're 
for us. Servicing? Parts replacement? No more, 
friend, no more. We're better than hormones 
for the pooped-out control engineer. Why not 
write us your troubles? 


DESIGN CONTROL CIRCUITS 
WITH BUILDING BLOCKS... 


When we took “never wear 
out” magnetic devices into the 
industrial control field, we 
made the grand plunge—de- 
signed standard lines which a 
systems engineer could design 
into his equipment right from 
the CONTROL catalog. That 
put an end to the high price of 
the unusual advantages of sat- 
urable reactors. Instead of cus- 
tom designing, we mass pro- 
duce—and your costs come 
tumbling down. Want to select 
the building blocks to design 
your control circuits? We have 
information on CONTROL’S 
standard proportioning reac- 
tors—theory, characteris- 

tics, typicaluses. It awaits 

your letter. 


i ae 


A DIVISION OF MAGNETICS. 
DEPT. EN-5 


»0, BUTLER, PENNSYLVANIA 


For more information circle 54 on reader service card. 
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Megohmmeter...Direct Reading... 
Easy to Use...Rapid in Operation... Trouble Free... 


Photo courtesy Firestone Tire and Rubber Company 
G-R Megohmmeter checks insulation resistance of cables under de- 
velopment for use on submarine-mounted launchers for the Regulus 
missile. These cables must operate under severe environmental condi- 
tions . . . immersion, deep-water pressures, temperature variations 
salt-water corrosion, and attack by marine life. Firestone relies on the 
Megohmmeter during environmental testing for accurate information 
on how well the cable can withstand these destructive effects. 


GENERAL RADIO Company 


275 Massachusetts Avenue, Cambridge 39, Mass., U.S.A. 


NEW YORK AREA: Tel. N.Y. WOrth 4-2722, N. J. WHitney 3-3140 CHICAGO: Tel. Village 8-9400 
WASHINGTON, D. C.: Tel. JUniper 5- 1088 
LOS ANGELES 38: Tel. HOtlywood 9-6201 


PHILADELPHIA: Tel. HAncock 4-7419 
SAN FRANCISCO: Tel. Wiitecliff 8-8233 
in CANADA, TORONTO: Tel. CHerry 6-217! 


RANGES: 


0.5 to 2,000,000 megohms at 500 volts and to 200,000 megohms at 50 volts. 
Meter multiplier has six decade steps. 


TWO TEST VOLTAGES provided internally: 50v or 500v. 
ACCURACY: 


Test Accuracy as Percent of Meter Indication 
Voltage 


Low End Mid Scale igh End 
50 v* +5% 10% 14% 
500 v** =3% | =8% +12% 
*Additional +5% error on lowest multiplier setting 
**Additional =2% error on highest multiplier setting 
SWITCH POSITION for standardizing calibration at 500 volts. 


GUARD AND GROUND terminals permit measurements on either 2- or 3- 
terminal networks. 


HIGHLY -STABILIZED power supply permits capacitor leakage measurements 
without annoying meter fluctuations caused by line-voltage variations. 

LIGHT ON PANEL warns when 500v is in use. 

PANEL SWITCH permits convenient shunting of UNKNOWN terminals to 
discharge capacitive component of unknown. 

ALL OUTSIDE SURFACES of “hot” binding posts are coated with insulating 
polystyrene to prevent accidental shock. 

PRICE: $255 


Write For Complete Information 


WE SELL DIRECT. Our District Sales 
Offices are staffed by engineers especially 
trained to help you in the selection of instru 
ments and measuring systems best suited 
to your needs. We weicome your inquiries — 
will help solve your problems. 











Lewyt Coordinate Data Transmission equipments for 


SAGE uses RCA Radechons 


RCA-6499 RADECHON: Charge Storage Tube; Single- 
Beaim, Barrier-Grid Type; Non-Equilibrium Writing and 
Capacitance-Discharge Reading. One of a line 


of RCA Radechons 








S ways 
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Can you name more? 


Designed to “take in” electronic data— 
store it from microseconds to minutes— 
then release the information at the same 
rate or at different rates, RCA Rade- 
chons can play a key role in electronic 
data-processing systems for industry 
and the military. 


Read what these remarkable RCA Rade- 
chons can do for you—and how they doit: 


INPUT OUTPUT IN DIGITAL DATA 


STORAGE SYSTEMS, 
the Radechon 
acts as a high- 
speed, random- 
access, high-ca- 
pacity memory 


element. 
INPUT OuTPuT 


IN TIME-BASE CON- 
VERSION APPLICA- 
TIONS, the Rade- 
chon releasesa 
stored signal at a 
rate different 


from the input rate—as may be required in 
systems for the transmission of video signals 
over telephone lines, or in certain systems 
involving audio-signal multiplexing. 


INPUT OuTPuT IN SIGNAL DELAY 
APPLICATIONS, the 
Radechon stores a 
signal burst—then 
releases it after 
delay periods 
from microsec- 
onds to minutes. 


OUTPUT IN RADAR SYSTEMS, 
the Radechon of- 
fers better radar 
signal “detecta- 
bility”—through 
charge integra- 
tion in the stor- 
age element. 


INPUT Output IN FIXED-SIGNAL 
CANCELLATION AP- 


PLICATIONS, the 
Radechon com- 
pares successive 
signals. Original- 
ly designed for 


“line-by-line” 

Moving Target 
Indicators, the Radechon also can be used in 
“area” MTI systems. 


If you are working with these or other 
Radechon applications, get in touch with 
the RCA Field Representative at our 
office nearest you. Remember, RCA is 
the world leader in Radechon engineer- 
ing, development, and manufacturing— 
and welcomes inquiries for Radechon 
designs to meet specific needs. 


industrial Products Sales 
744 Broad Street, Newark 2, N. J. 
HUmboldt 5-3900 
Suite 1154, Merchandise Mart Plaza 
Chicago 54, Illinois * WHitehall 4-2900 
6355 E. Washington Bivd. 
Los Angeles 22, Calif. « RAymond 3-8361 


Government Sales 
415 South Fifth Street, Harrison, N. J. 
HUmboldt 5-3900 
224 N. Wilkinson Street, Dayton 2, Ohio 
BAldwin 6-2366 
1625 “K” Street, N. W. 
Washington 6, D.C. + District 7-1260 


RADIO CORPORATION OF AMERICA 


@ Electron Tube Division 


Harrison, N. J. 
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